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Abstract

The objective of this study was to determine bone quantity by ultrasound measurements of the proximal finger phalanges (AD-
SoS = amplitude-dependent speed of sound) of healthy Brazilian schoolchildren living in Parana, Brazil, and to compare these
values with European populations. The sample was composed of 1356 Brazilian schoolchildren of both genders (660 males,
696 females), aged 6 to 11 years, divided into white (840) and black (516) groups and compared to age- and gender-matched
Europeans. AD-SoS of the schoolchildren increased significantly with age for both genders. Significantly higher AD-SoS values
were observed for the white children (1916 + 58) compared to their black counterparts (1898 + 72) and for the female gender
(1920 + 61) compared to the male gender (1898 + 66). Overall, the AD-SoS outcomes for females were similar to those of
European studies. However, the AD-SoS of the Brazilian schoolchildren of both genders and skin colors was lower than that
reported for children in Poland. AD-SoS outcomes for Brazilian schoolboys were similar to those obtained in Italian studies and
were lower than those of the Spanish children. In conclusion, Brazilian schoolchildren of both genders and skin colors showed
lower bone quantities than Polish children and Spanish males, and levels similar to Italian children and Spanish females.
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Introduction

Studies have shown that the acquisition of bone mass
is gradual in childhood, increases during adolescence and
peaks at the point of sexual maturity (1,2). Consequently,
close observation of bone mass in adolescents is necessary
in order to evaluate the risk of senior osteoporosis.

values than whites and Asians, when compared either in
terms of age or body weight (5-10). However, the origin of
this difference is unknown.

In view of the differences in bone mineral content as a
function of race or skin color and the high racial miscege-

Several researchers have adopted the premise that
the group of curves within a specific population can be
satisfactorily applied to any other study population, inde-
pendently of its genetic constitution (3,4). According to these
investigators, well-nourished children and adolescents of
different population groups seem to develop in a similar
way, suggesting that genetic factors have less influence
on development than environmental factors.

Comparison of bone mineral content among subjects
of different skin colors has shown that blacks have higher

nation of the Brazilian population, the aim of the present
study was to evaluate differences in bone quantity between
healthy white and black Brazilian schoolchildren of both
genders aged 6 to 11 years, and to compare these values
to European references according to age and gender.

Children and Methods

This was a cross-sectional study of male and female
schoolchildren aged 6 to 11 years (8.4 + 1.5 years) living in
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Ceu Azul and Vera Cruz do Oeste, cities of Parana State,
Brazil. The study was approved by the Research Ethics
Committee of the Faculty of Medical Sciences, UNICAMP,
(protocol #557/2003). Of the 1576 schoolchildren who
returned a signed term of informed consent, 220 were
excluded: 98 because their skin color was different from
those of interest for the study (yellow or indigenous); 35 for
having known chronic diseases, being physically deficient,
presenting a medical history with restrictions, or being under
medication that affects bone metabolism, and 87 with a body
mass index (BMI) over +2 standard deviations (SD) or under
-2 SD for their age and gender. Thus, the final sample for
the study consisted of 1356 schoolchildren.

Parents or guardians were required to declare the skin
color of their children. All school age children who were de-
clared white, black or mulatto were eligible to participate in
this study, where black and mulatto children were combined
into one group denoted “black”. This combining procedure
is also used by the Brazilian government in demographic
studies (11). Therefore, in the present study, the participants
were divided into four groups for each age of interest: black
females, white females, black males, and white males.

The bone quantity (amplitude-dependent speed of
sound, AD-SoS) was measured using the 3rd-generation
DBM Sonic® BP IGEA ultrasound (ltaly). This device has a
compass that connects two 12-mm diameter transducers,
an emitter and a receptor, with a high precision of +0.02
mm (12).

The compass is placed on the anatomical point of the
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distal metaphases of each of the last four proximal pha-
langes, Il to V, of the non-dominant hand. One transducer
emits a sound wave of 1.25 MHz that passes transversely
through constitutive elements of bone tissue (cortical layer,
micro-structures, trabeculae, and collagen), while the other
receives the signal and evaluates the speed of propagation
of sound through the phalanx (12).

AD-SoS (bone quantity) is obtained automatically and
represents 96 acquisitions of speed measurements of
ultrasound (m/s) that track the bone tissue trabeculae on
the four proximal phalanges by transmission. The values
of these measures range from 1650 to 2250 m/s. The
measured parameter depends on the amplitude of the elec-
trical signal obtained after the ultrasound passes through
the three types of bone within the phalanges (endosteal,
trabecular and cortical). In the evaluation of the electrical
recording, the amplitude of the signal is only considered
when a minimum value is reached, called the threshold
level or the trigger level (12).

The mean AD-SoS values of the present study were
compared to five European references that provide norma-
tive values for children and adolescents using the same
method (13-17) (Table 1).

Descriptive statistical analysis was used for the AD-SoS
outcome measurement, with values of absolute frequency,
mean and SD being used for the construction of tables and
graphs. The unpaired one-tailed Student t-test was used
to determine the statistical significance of differences in
mean AD-SoS values of the schoolchildren of both genders

Table 1. Bone quantity (AD-SoS) as reported in European references.

Bone quantity (m/s)

6 years 7 years 8 years 9years 10years 11 years
Longitudinal studies
Halaba et al., 2008 (7-12 years) Poland
Male (130) 1915+£32 1939+ 31 1949+26 1967 +33 1965 + 32
Female (139) 1924 £27 1935+33 1961+ 31 1954 +42 1988 + 34
Vignolo et al., 2006 (3-16 years) Italy
Male (290) 1898 +62 1901 +68 1914 £33 1903 £39 1921 +49 1923 + 50
Female (299) 1882+24 1902+35 1902 +37 1919+51 1913 +41 1956 + 45
Cross-sectional studies
Vignolo et al., 2003 (3-16 years) ltaly
Male (641) 1876 +48 1889+ 50 1898 +47 1906 +42 1913 +44 1914 +45
Female (586) 1874 +43 1898 +49 1886 +44 1927 +45 1932 +47 1961 + 51
Gimeno Ballester et al., 2003 (6-18 years) Spain
Male (469) 1914 +£35 1915+41 1920 +40 1935+38 1932 +47 1926 +42
Female (360) 1914 +26 1923 +33 1924 +£39 1936 +32 1955+40 1968 + 48
Baroncelli et al., 2001 (3-21 years) Italy
Male (587) 1883 +35 189137 1924 +29 1926 +39 1928 +42 1950 + 41
Female (496) 1884 +27 1887 +35 1907 £39 1936 +38 1945+ 32 1957 + 50

Data are reported as means + SD. AD-SoS = amplitude-dependent speed of sound.
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and skin colors in relation to the references, as noted in
Table 1. The alpha value was reduced from 0.05 to 0.01 to
diminish type | errors caused by the large number of tests
run for each age, gender and skin color. To compare age
between genders and skin colors with variable AD-SoS,
one-way ANOVA (SPSS for Windows 13.0) was used to
test the hypothesis that Brazilian bone quantity, indepen-
dent of skin color, is similar to European data according to
gender and age.

Results

The Brazilian sample population consisted of 1356
schoolchildren of both genders aged 6 to 11 years with white
and black skin colors. Table 2 shows the AD-SoS means
and SD of the Brazilian subjects.

AD-SoS increased with age for
schoolchildren of both genders and skin

R.R. Ribeiro et al.

lar to those obtained in the studies of Italian children and
adolescents by Baroncelli et al. (13) and in the studies of
Spanish children and adolescents by Gimeno Ballester et
al. (14). In this study, only black 7- and 9-year-olds showed
significantly lower AD-SoS values than whites (P = 0.001).
In the other age groups, these values were not significantly
different between black and white females. Overall, blacks
had lower AD-SoS values compared with those described in
Refs. 13 and 14. The Brazilian 11-year-old schoolchildren
had lower AD-SoS values compared with the study by
Gimeno Ballester et al. (14) (P = 0.0001; Figure 1).
Compared to the two studies of Italian children and
adolescents by Vignolo et al. (15,16), the mean AD-SoS
values of the present study were higher for white 8- (P =
0.0001) and 10-year-old (P =0.001) females and for 8-year-

Table 2. Bone quantity (AD-SoS) measurements in 1-year ranges for gender and skin
color of the schoolchildren evaluated in the present study.

colors (white: male, P = 0.0001; female,
P = 0.027 and black: male, P = 0.035;

Bone quantity (m/s)

female, P =0.0001). The percent values

Female Male

of the variations from 6 to 11 years were ~ A9¢
1.7 and 3.9% for boys and 3.5 and 2.8%  (Y83'S) White Black White Black
for girls of white and black skin colors, N Mean+SD N Mean+SD N Mean+SD N MeanSD
respectively. The white females showed
higher AD-SoS values when compared 67 51 1894+57 29 1886+82 57 1893+46 24 1850 % 101
to other groups within the sample popu- 7}8 87 1910+61 43 1870+67 76 1888+59 46 1875+65
lation of Brazilian schoolchildren (black 89 8 1915+44 47 1917+65 79 1895+63 57 1868+78
females, P = 0.04; white males, P = 0.03; 9 }10 101 1932+53 34 1893+66 71 1914+60 36 1904 +53
black males, P = 0.04; Table 2). 10 F11 85 1947+49 65 1932+64 87 1925+45 63 1895+ 64

Comparison of the mean AD-SoS 11 |12 33 1960+42 33 1941+31 25 1907+85 39 1922+63

values of females of both skin colors to
the European data indicated values simi-

2000 ~

1970

1940

1910 +

AD-SoS

1880

1850

1820 T T

Data are reported as means + SD. AD-SoS = amplitude-dependent speed of sound.

Female

—&@— Halaba et al. (2008)

—@— Vignolo et al. (2006)
—+— Vignolo et al. (2003)

—x — Gimeno Ballester et al. (2003)

—— Baroncelli et al. (2001)

= =A= = This study (White)

- -A- - This study (Black)

8 9

Age (years)

Figure 1. Mean values of bone quantity (AD-SoS) for female schoolchildren aged 6 to 11 years. The means of the white
and black subgroups of this study are compared to the cumulative means for the 5 European references. AD-SoS =
amplitude-dependent speed of sound.
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old blacks (P = 0.005) (15). Lower values were observed
only in black females from the 7- (P =0.004) and 9-year-old
(P = 0.005) groups compared to the 2003 study (15), and
for the 11-year-old group (P = 0.0001) compared to both
studies (15,16). Compared to the study of Polish children
and adolescents by Halaba (17), the AD-SoS mean values
of the present study were significantly lower across age
groups, except for 7- (P = 0.032) and 10-year-old (P =
0.204) white females and for 8-year-old (P = 0.065) black
females (similar values; Figure 1).

Many of the AD-SoS values obtained here for male
schoolchildren of both skin colors were similar to those
reported by Baroncelli et al. (13) and to the two studies by
Vignolo et al. (15,16). However, in the present study, the
AD-SoS values were lower for both the 8-year-old (Baron-
celli: whites, P =0.001 and blacks, P = 0.001, and Vignolo:
blacks, P =0.001) and 10-year-old (Baroncelli: blacks, P =
0.0001) groups (Figure 2).

Compared to the study of Gimeno Ballester et al. (14),
lower values were obtained in the present study for both
skin colors in most age groups [whites: 6 year olds (P =
0.001), 7 year olds (P = 0.0001), 8 year olds (P = 0.001),
and 9 year olds (P = 0.005); blacks: 6 year olds (P =0.005),
7 year olds (P = 0.0001), 8 year olds (P = 0.0001), 9 year
olds (P = 0.0001), and 10 year olds (P = 0.0001)], and in
all age groups when compared to the Halaba (17) study
(P =0.0001; Figure 2).

Discussion
Racial miscegenation is highly prominent in Brazil be-

cause Europeans of white skin color, Africans of black skin
color, Asians of yellow skin color, and indigenous peoples

2000 A

Male

1970 -~

1940 -~

SoS

21910 o

AD

1880 A

1850

1820 T T T T
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of Brazil participated in the process of the formation of this
country. The mixing has been intense since the beginning
of colonization. The small number of white women among
the Portuguese colonizers led the latter to have relation-
ships with Indians and black slaves. This mixing gave rise to
other groups such as mulattos (the mix of white and black),
“caboclo” or “mameluco” (the mix of white and Asian), and
the “cafuzo” (the mix of black and Asian) (18). Pena et al.
(19) showed recently that in Brazil one cannot predict the
color of persons from their genomic ancestry.

As a result, miscegenation in Brazil is an aspect that
must always be considered in any study using racial analy-
sis (20,21). The analysis adopted by Instituto Brasileiro de
Geografia e Estatistica (IBGE) has been considered as
official since 1991 for racial classification in demographic
studies. This classification uses self-declaration in the col-
lection of data, i.e., the person chooses from a list of five
racial categories (white, black, mulatto, yellow, and indig-
enous peoples) (11). Telles (20) evaluated the proportion
of people of African ancestry in a rural community in Brazil,
where the group of individuals classified as black presented
a proportion of African ancestry of 51%, while those who
were self-declared as mulatto presented a proportion of
44% African ancestry. Furthermore, Telles” study scientifi-
cally supports the strategy of political mobilization used by
the black movement of Brazil, which consists of grouping
black and mulatto individuals into the black category (20).
The IBGE defines individuals who declare themselves as
mulatto or black as “black” (11).

Several studies have been conducted using dual energy
X-ray absorptiometry (DXA) for the determination of bone
mineral density. In general, these studies showed that
black children and adolescents had 5 to 23% higher bone

—«@— Halaba et al. (2008)
—@— Vignolo et al. (2006)
—+ — Vignolo et al. (2003)
—X — Gimeno Ballester et al. (2003)
—— Baroncelli et al. (2001)
A This study (White)
= «A= = This study (Black)

Age (years)

10 11

Figure 2. Mean values of bone quantity (AD-SoS) for male schoolchildren aged 6 to 11 years. The means of the white
and black subgroups of this study are compared with the cumulative means for the 5 European references. AD-SoS =

amplitude-dependent speed of sound.
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mineral density in relation to other skin colors (22,23) and
that the loss of bone tissue in adults of this racial group is
1/2 of that of their white counterparts (5,23).

In children, the results regarding these differences are
controversial. Indeed, some researchers (23,24) observed
more bone mass in blacks, and others have not (25). How-
ever, no study observed higher values for whites. The results
of the present study with a Brazilian sample population
(12) diverged from other studies regarding differentiation
between skin colors (blacks and whites), with higher values
being observed in white schoolchildren.

Bone content is known to be correlated to many factors
such as heredity, skin color, geographic region, life style, and
nutrition (26,27). Our study did not evaluate food ingestion
or some chemical markers, which are important variables
for a comprehensive evaluation of bone metabolism (26-
28). When analyzing this group of Brazilian schoolchil-
dren, Ribeiro et al. (12) showed that black schoolchildren
predominated in the lower socioeconomic levels, but the
socioeconomic difference did not interfere with body com-
position analyses when comparing black and white children.
However, it is known that calcium intake, life style, physical
activity, and other aspects linked to socioeconomic status
might significantly influence bone mass. As a result, these
factors may have influenced AD-SoS values in the group
evaluated in our study.

Certainly, an additional differentiating factor may be
related to the levels of vitamin D. In European countries
such as Italy, Spain and Poland, which have North latitudes
farther from the equator, the cutaneous production of vitamin
D drops significantly (29).

Even though Brazil shows incidences of ultraviolet rays
that are more adequate for bone health when compared with
Spain, ltaly or Poland, the outcome of AD-SoS measure-
ment in the present study did not support this phenomenon
conclusively. For both genders and skin colors we obtained
AD-SoS values similar to those of the Italian studies, and
lower values than those of the Polish and Spanish studies. In
general, the mean AD-SoS values for males were lower than
those of their European counterparts, whereas the values
for females were similar to those of the Europeans.

Ultrasound does not measure the bone density in mass
per unit of area as in DXA (g/cm?), nor in mass per unit of
volume as does computed tomography (g/cm?). In reality,
what is measured is the speed of ultrasound propagation
through bone, such as the calcaneous, tibia or phalanges.
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