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Abstract

Puberty is the fundamental period for bone mass acquisition. In this period
mineralization is found to increase with levels of high bone formation.. The objective
of this cross-sectional study was to determine the changes in bone mineral density
(BMD) and growth parameters for healthy pubertal males and females at different
pubertal stages in Mosul city/lrag. In addition, we aimed to detect the relationship
between BMD, age, pubertal stage and growth parameters, and to reveal the most
important determinant of BMD in the pubertal period. BMD of the lumbar spine was
performed by dual-energy X-ray absorptiometry in (177) healthy pubertal children
and adolescents (96 males, 81 females), aged (9.9-20.2) years. Growth parameters
(Weight and height) were measured, BMI were calculated. Pubertal stages were
assessed and the subjects were subdivided into 5 stages (Tanner stages of puberty for
males and females). There was a significant effect of age and puberty on BMD.
Females had significantly higher BMD across all age groups because females enter
puberty earlier than males. When gender comparison was done according to pubertal
stages, males had higher values for BMD in all pubertal stages , but without
significant differences between them except in stage Ill, which indicated that boys
gain more BMD than girls at this stage. Both sexes showed the main increments in
BMD between stage IV and V. The major independent determinant of BMD in both
sexes was pubertal stage. BMD of males was also highly correlated with growth
parameters, but no such correlations for females. values in the study group were
significantly lower than Western normative values, with Z scores for girls was (-
1.2+1.2) and for boys was (-1.4+1.1). In conclusion, bone mass increased throughout
puberty in both sexes and there was a strong evidence that pubertal development was
consistent and independent predictors of BMD in healthy children and adolescents.
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Introduction

BMD is a medical term referring to the
amount of matter per square centimeter
of bones. Epidemiological studies have
consistently shown that BMD is a
primary predictor of osteoporosis and
fracture risk . Osteoporosis is a
growing health problem and because
there are no safe and effective ways to
enhance BMD once osteoporosis has
occurred ¥ a primary prevention
must aim at increasing bone mass
acquisition before late adolescence,
this has led to increasing interest in
assessing BMD in children and
adolescents “. BMD increases during
childhood and adolescence until the
peak bone mass (PBM) is achieved,
PBM is defined as the maximal BMD
that is accrued during growth and
development plus subsequent
consolidation that continues during
early adulthood ©®, PBM is regarded
as the bone bank for the remainder of
life . The precise age at which PBM
is acquired is still unknown ©. Many
factors, more or less dependent on each
other, are known to influence bone
mass accumulation during growth.
These determinants classically include:
genetic determinants up to 80% ©,
whereas the remaining 20% is
modulated by environmental factors
and sex hormone levels during puberty
@9 Environmental factors including,
amount of weight-bearing ph}/sical
activity **'?| dietary calcium ¥, and
smoking which is variably associated
with a reduced BMD ©. The major
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systemic hormones involved in the
regulation of bone metabolism and

growth  during  childhood and
adolescence are: growth hormone,
insulin-like  growth  factor(IGF-I),

estrogen and androgen ““'®). Puberty

in the human is a unique and integrated
transition from childhood to young
adulthood. It involves major physical,
emotional and psychological changes
that culminate in the attainment of
fertility . The dramatic bone
growth during puberty encompasses
three distinct but integrated processes:
accelerated linear growth, bone
maturation, and rapid acquisition of
bone mass 819,

Subjects and methods

This study represents a cross-sectional
study, carried out from November
2010 to April 2011. Volunteer healthy
Asian children and adolescents [177],
[96] boys and [81] girls aged [20,2] to
[9,9] years, residents of Mosul city,
Irag, the subjects were selected from
different sources: outpatient clinic at
Ibn-sina teaching hospital, relatives of
the staff members in the same hospital,
students at the 1% class in the college
of medicine and students at the nursing
secondary school. These subjects were
invited to take part in this study and
interviewed with their parents to
explain the methods used and seek
consent. A questionnaire  was
administered to all subjects and their
families. Exclusion criteria were : any
chronic disease associated with low
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bone mass, drug consumption (as
corticosteroids, anticonvulsants,
calcium & vitamin supplements,
antacids), smoking which has been
linked to low BMD in adolescents ),
doing exercises in a professional
manner, since investigations indicate
that programmed sporting activities
demonstrate the greatest increases in
bone mass ®, subjects who were
below the 5™ percentile or above 95"
percentile for weight and for height
were excluded ©Y, irregularity of
menstrual periods (history of menstrual
irregularities has been consistently
associated with lower bone mineral
density in premenopausal women)®, a
significant  fracture history- The
Pediatric ~ Position Development
Conference (PDC) of the International
Society of Clinical Densitometry- has
defined a clinically significant fracture
history as "one long bone fracture of
the lower extremity, two or more long
bone fractures of the upper extremity
or a vertebral fracture ®® and family
history of osteoporosis, there are
evidences for a strong familial
resemblance of bone density ©. Weight
was measured with an electronic scale
with the subjects wearing light clothes
without shoes. Height was measured
by asking the subject to stand without
shoes and erect, by using a vertical
scale.

Body mass index (BMI) was calculated
by using the following formula:

BMI (kg/m?) = Wei%ht (in kilogram) /
height? (in meters)®@.

Results

pubertal development was evaluated
by self-assessment of breast and pubic
hair stage in girls and genitalia and
pubic hair stage in boys, according to
the method of Tanner. Subjects were
classified as Tanner stage I, II, 11, 1V,
and V @4,

BMD (expressed in g/ cm?) of lumber
spine (L1-L4) were measured with
dual energy x-ray absorptiometry
(DXA). DXA scans were performed
using Hologic (Discovery W-S/N
83903,USA). The most commonly
used densitometric technique for
children throughout the world is DXA
due to its precision, short scan times,
very low radiation exposure, painless,
low cost and robust pediatric reference
data ®>262847) " gstatistical analysis was
carried out by using the statistical
Package for the Social Science (SPSS
Inc, Chicago, version 11.5). As
descriptive statistics, mean, standard
deviation  (SD), minimum and
maximum limits were given for the
data. Analyses were performed for
males and females  separately,
differences between the two groups
were assessed by independent t-test.
The effects of age and puberty on the
parameters within each gender were
assessed using one-way analysis of
variance (ANOVA), followed by
Duncan’s multiple range tests for each
gender separately. The association
between BMD and different predictor
variables was tested with multiple
regression. P-value lower than 0.05
was considered statistically significant.

Table (1): anthropometric characteristics of the study group.

parameter

Mean +SD

Age (year)

13.92+2.8

Weight (KQ)

47.7+13.5

Height (cm)

154+10.6

BMI (Kg/m?)

19.75+3.45

BMD (g/cm?)

70

0.721+0.16
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Table (2): comparison of BMD values between males and females in each
pubertal stage

Female
0.512+0.04
0.583+0.03

0.658+0.04
0.776+0.06
0.928+0.07

parameter Male
Stage |
Stage Il

p-value
0.673 (NS)
0.165 (NS)

0.005 *
0.234 (NS)
0.975 (NS)

0.518+0.03
0.598+0.03

0.702+0.05
0.801+0.06
0.927+0.11

Stage 111
Stage IV
Stage V

There was no significant differences between both sexes across all pubertal stages
except in stage I11.

Table (3): Comparison of parameters between different pubertal
stages in male subjects :

parameter I 1 i [\
age(year) 10.98 (a) | 12.66 (b) | 13.96 (c) | 15.89 (d)
Weight(Kg) 33.61 (a) 43.6 51.02 57.64
(b) (© (d)
142.39 150 158.95 164.85
(a) (b) (© (d)
BMI(Kg/m?) 16.53 19.32 20.2 21.14
(a) (b) (b) (b)
0.518 (a) 0.598 0.702 0.801

(b) () (d)

Height(cm)

BMD(g/cm?)

The means that have similar letters
mean that there was no significant
difference between them according to

alpha=0.05. In table (3), all parameters
increased with increments in pubertal
stages, and they exhibited significant

Duncan’s test at the subset for differences across all pubertal stages.

Table (4): Comparison of parameters between different pubertal stages in female
subjects :

parameter ] v
age(year) 11.48 (b) 13.66 (c)

Weight(Kg) . 37.18 . 45.43

(ab) (©)
152.11

Height(cm) : 146 .
(b) (©
BMI(Kg/m?) : 17.37 19.6
(a,b) (c,d)
BMD(g/cm?) . 0.583 . 0.776
(b) (d)
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Table (4) females showed an increase
in BMD that parallel an increase in
age, body weight, height, and BMI.

Subjects in either Tanner stage 1V or V
had higher values for BMD than those
at earlier stages of sexual development.

Table (5): Comparison of BMD between males and females in each age group

male

female

No. of
subjects

Age
groups(years)

No. of
subjects

p-value

<10

0.346(NS)

10-10.9

0.011*

0.771(NS)

12-12.9

0.123(NS)

13-13.9

0.009*

14-14.9

0.037*

15-15.9

0.688(NS)

16-16.9

0.050*

17 and >

In table (5) the BMD values was
described according to age groups for
each gender separately, they were
subdivided into nine age groups at one-
year intervals in each. In this study,
there were no significant differences in
BMD between the age 17 and more
than 17 years( the upper limit of this
study was 22.2 year), so the age of 17
years and more was considered as one
group. The fact that after the age of 16
years, most children have completed
their skeletal growth may perhaps
explain the low variation in this age
group®.  This table shows a
comparison of BMD between males
and females in each age group by using
independent sample t-test. There were
no significant differences between
boys and girls until the age of 10. After
the age of 10, females presented higher
values for BMD than males in all other
age groups, probably because of the
earlier onset of puberty in females, the
significant differences were at the age
of 10, 13-15 and at 16 years. By the
age of 17 years and more, the male
values were greater than female, but
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0.837(NS)

the difference was not significant. The
effects of age on the BMD values
within each gender were assessed
using one-way analysis of variance
(ANOVA), followed by Duncan'’s
multiple range tests for each gender
separately. We found that BMD
increased significantly with age. For
males, the increase occurred especially
after 15 years. There were another
periods of acceleration in lumbar spine
BMD, in the age group 16-17 year for
males. The lowest variation was
present in the age group 11-12 vyear.
For female subjects, regular increase in
BMD values in the different age
groups was found. The lowest
variation was present in the age group
10-11 and 16-17 year, while the
maximal increase occurred around the
age of 13 years in girls (approximately
two years later in boys, around the age
of 15). There were another periods of
acceleration in lumbar spine BMD, at
the beginning of puberty (after 10
years age) and from 15-16 vyears.
Multiple regression analysis was
performed in order to evaluate the
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impact of the combination of several
parameters on BMD values. Age,
weight, height, BMI and Pubertal
stages were entered into each
regression model as continuous
independent predictors, and BMD as
dependent variable. In both sexes, the
major independent determinant of
BMD was the pubertal stage (p-value
<0.001). For males, in addition to
pubertal stage, weight, height and BMI
were the factors with significant
influence on BMD of lumber spine.

Ethnic differences: Z scores in the
study group were derived through the
densitometer  software using a
American database as reference. For
girls, the mean Z scores was: (-
1.2+1.2). For boys, the mean Z scores
was: (-1.4+1.1). these Z scores
demonstrated that mean BMD in
healthy subjects in Mosul city is lower
than that of age- and gender-matched
American children and adolescents.

Discussion

This study provided gender-specific
lumber spine BMD values, expressed
in discrete age and pubertal stage
subgroups, were measured in pubertal
males and females aged between 9.9-
21.2 years. The well-described
pubertal increments in BMD at the
lumber  spine  were  observed,
concomitant with the significant
increase in body dimensions and its
relationship ~ with ~ maturation  of
secondary sexual characteristics. A
number of different factors are listed as
being important for maximum growth
of bone mineral density during
puberty. Among these factors, those
that stand out are contributions of a
genetic nature, alterations to the body's
dimensions, weight and stature, the
hormonal profile leading to skeletal
and sexual maturity, the practice of
physical activity by the adolescents
and sufficient calcium ingestion during
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this age range and that are reflected in
intense bone mineralization *%. 1t is
evident that during puberty two events
occur almost simultaneously. One
phenomenon is the sustained burst in
physical growth characterized by
substantial increases in stature and the
other is the attainment of peak bone
mass. Apparently both situations are
mediated by a similar hormonal
cascade including GH, IGF-1 and sex
steroids ©%. In our study, we found that
the main increase in height for the
male subjects occurred between stage
Il and Ill, while for females between
stage | and Il, and both sexes showed
the main increase in BMD between
stage IV and V, that is, there was a
delay between the maximum gain in
height and BMD in both sexes, and
this in agreement with findings of
Theintz et al ¥, Fournier et al ®* and
Bailey et al ®® who noticed a one-year
delay between peak height velocity and
BMD accrual. This delay occurs
between Tanner stages Il to Il and Il
to 1V, or between the ages of ~12 and
13 in girls, and ~14 and 15 in boys.
They also showed that about 26% of
peak bone mass is acquired during the
2-year period across peak height
velocity, suggesting a clear
relationship between the increase of
sex steroids, linear growth and bone
growth. Also we found that weight,
height and BMI were the factors with
significant influence on BMD of
males, but not for females. These
results were similar to what was
previously reported by Silva et al ¥,
Boot et al Y, Ahmed et al ®® who
correlated BMD with anthropometric
variables, body weight and height in
the boys. Other studies observed the
dependence between BMD and growth
parameters, but in different pattern;
Goksen et al ©” found the correlation
of BMD with height in both sexes,
while Arabi et al ®®, Hasanoglu et al
@9 and Yilmaz et al “? found that
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weight was one of the important
factors influencing BMD in both sexes.
They stated that body weight is the
main source of bone load and this
determines the mechanical strength of
the bone. Discrepancies in the effect of
height, weight and BMI on BMD
between studies, may be explained by
a variety of factors. These include the
fact that some studies did not take into
account the pubertal stages, and the
different techniques for analyzing the
data, in addition, DXA devices from
different manufacturers might not give
identical results, because of differences
in calibration. For males as well as
females, a progressive increase in
BMD values in the different age
groups was found, this in agreement
with the findings of other authors
(353941 this increase of BMD with age,
suggesting that the increase in lumbar
spine BMD does reflect a real increase
in mineralization, and is not merely a
result of accelerated growth ©. There
was a variation in the velocity of
mineral gain that occurred at different
ages. After an initial period with slight
increases in BMD values, a period of
rapid growth and accumulation of bone
mass in the lumbar spine was
observed, especially striking around 13
and 15 years of age in girls and boys,
respectively. This acceleration of bone
mass gain in females, occurring later in
males, has been extensively
documented in the literature 33 35 40.
2 and seems to be associated with
pubertal growth, as females enter
puberty earlier than males. Because of
this increase in bone mass was not
steady, with periods of distinct rates of
bone mineralization being observed ,
the correlation of BMD with age was
not significant as seen by stepwise
multiple regression analysis. Although
age is a major temporal indicator for
alterations occurring in adolescence, it
is limited in relation to the constant
modifications occurring in puberty due
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to maturation level variability in
individuals of the same age “¥. It is
well known that the rate of bone
accretion increases dramatically during
puberty and is a function of pubertal
stage, rather than chronological age
“" Bone mineralization parameters
were compared with degree of sexual
maturity, in an attempt to identify
those puberty stages that indicated the
greatest increment in bone mass. A
significant increase in BMD values
according to puberty was observed
between all pubertal stages, and
occurred earlier in girls than boys with
no significant differences between
them in all stages except in stage IlI.
Both sexes showed the main increase
in BMD between stage IV and V,
during these late stages of puberty the
deceleration of the growth spurt occurs
and adult levels of sex steroids can be
attained “?. similarly to what was
previously reported by Sluis et al ©,
Boot et al ©®® Ahmed et al ©
Hasanoglu et al ©9 Yilmaz et al “9,
De Schepper et al ““). In contrast to the
our findings, Gracia-Marco et al
showed the most important BMD
increase between Tanner stages Il and
IV in both sexes. This cross-sectional
study confirmed the  powerful
independent effect of puberty on
BMD, by stepwise multiple regression
analysis, Tanner stage in boys and girls
had a significant and independent
correlation with BMD and this in
agreement with other studies % % 3%
) The timing of bone mass
acquisition differs between boys and
girls apparently due to the different
onset and progression of puberty
according to sex steroid production and
their response at target tissues “®. The
pattern of bone growth in boys differs
from that in girls in 2 ways. First, boys
have 2 more years of prepubertal
growth because of a later onset of
puberty (age 13, rather than 11 as in
girls). Second, their pubertal growth
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spurt lasts for 4 years rather than the 3
years in girls “"*® In the current
study, In both sexes bone mass
progressively increased during
childhood, with a rapid gain during
puberty. However, some gender
differences in the accrual of bone mass
were evident. when gender differences
have been compared depending on age
groups, There were no significant
differences between boys and girls
until the age of 10. After the age of 10,
females had greater BMD at lumber
spine across all age groups, as the
results of the earlier onset of the
puberty, whereas in the late
adolescence (around the age of 17)
total bone mass in boys exceeds that
measured in girls, but without
significant differences. Similarly some
studies have reported spine BMD to be
higher in girls than in boys 5394041
until late adolescence; and it has been
suggested that ultimately these gender
differences during adolescence at the
spine disappear as boys catch up with
puberty and growth ). When gender
differences have been compared
depending on pubertal stages, males
had higher values for BMD in all
pubertal stages , but without significant
differences between them except in
stage I, this indicated that boys gain
more BMD than girls at this stage. As
mentioned  before, in stage |
(prepubertal years) there was no
significant difference in BMD between
males and females and this coincides
with the results of Boot et al ©°, De
Schepper et al “?, This indicates that
the development of BMD before
puberty is not dependent of  sex
steroids. In view of these results, one

may conclude that the accepted
explanation attributing the gender
differences in bone density in

adolescents to the differences in bone
size only is unlikely, and that the
mechanisms underlying this effect may
possibly be different at cortical and
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trabecular sites. At the trabecular sites,
such as the lumbar spine, gender
differences in BMD may be explained
by the earlier attainment of puberty in
girls, whereas, at the cortical sites,
they may be explained by other factors,
such as size, muscle mass, and the
difference in the level of physical
activity ©®.  Studies in animals
suggested the existence of sex-linked
genes mediating the gender difference
in BMD ®. Z scores in the study
group were derived through the
densitometer  software using a
American database as reference, it has
been found that our pediatric and
adolescent population have lower
BMD values than Americans. For girls,
the mean Z scores was -1.2+1.2 and for
boys, the mean Z scores was -1.4+1.1.
There is established ethnic difference
in BMD “**Y: BMD in Asians is
reported to be lower than in other
people that are because of their smaller
bodies ©?. Little is known, however,
about the factors that contribute to
racial variations in bone mass or the
time of life when such differences
become manifest. Some explained
ethnic differences, in part, by the
differences in lifestyle or in
anthropometric measurements ©2.

Conclusion

BMD increases with age, with a higher
increment during puberty and this
increase in bone mineralization during
puberty occurs at the same time as
significant  increases in body
dimensions. There was a strong
evidence that pubertal development
was consistent and independent
predictors of BMD (p-value <0.001) in
healthy children and adolescents. So
densitometry data should be adjusted
for pubertal status since both growth
and puberty influence bone accretion,
and this will be of particular
significance in the evaluation of
children and adolescence with pubertal
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or growth disorders. The increase in
levels of serum testosterone and E2
were significant at different pubertal
stages in  males and females,
respectively, until adult levels were
achieved at the end of puberty, and this
increase was accompanied by an
increment in BMD values. So
testosterone level was a positive
predictor for BMD in males and E2
was a positive predictor in females.
anthropometric parameters also had a
significant influence on BMD of males
only and not for females. There was
gender difference in values of BMD by
age group, females had significantly
greater BMD than males, this due to
the early onset of puberty in females.
By the age of 17 (the end of the
puberty), males presented higher BMD
values, although the difference was not
significant.  while  the  gender
differences in values of BMD by
pubertal stages were not significant
except in stage .

References

1- Nguyen TV, Livshits G, Center JR,
Yakovenko K, Eisman JA. Genetic
Determination of Bone Mineral
Density: Evidence for a Major Gene. J
Clin Endocrinol Metab. 2003;
88(8):3614-3620.

2- Sheth RD, Hobbs GR, Riggs JE,
Penney S. Bone mineral density in

geographically  diverse  adolescent
populations. Pediatr. 1996; 98:948-
951.

3- Pérez-Lopez FR, Chedraui P,
Cuadros-Lopez JL. Bone mass gain
during puberty and adolescence:
deconstructing gender characteristics.
Curr med chem. 2010; 17(1):1-14.
4- Wren TAL, PhD, Gilsanz V.
Assessing Bone Mass in Children and
Adolescents. Curr Osteoporos Rep.
2006; 4:153-158.

5- Sluis IMV, Ridder MAJ, Boot AM,
Krenning EP, Schrama SMPF.

76

Reference for bone density and
body composition measured with dual
energy X ray absorptiometry in
white children and young adults. Arch
Dis child. 2002; 87:341-347.

6- Davies JH, Evans BAJ, Gregory
JW. Bone mass acquisition in healthy
children. Arch Dis Child. 2005;
90:373-378.

7- Mora S, Gilsanz V. Establishment
of peak bone mass. Endocrinol Metab
Clin ~ North Am. 2003; 32:39-63.

8- Avdagic SC, Baric IC, Keser I,
Cecic I, Satalic Z, Bobic J, Gomzi M.
Differences in peak bone density
between male and female students. Arh
Hig Rada Toksikol.  2009; 60:79-86.
9- Dequeker J, Nijs J, Verstraeten A,
Gensens P, Gevers G. Genetic
Determinants of Bone mineral
content at the spine and radius: a twin
study. Bone.1887; 8: 207-209.

10- Gueguen R, Jouanny P, Guillemin
F, et al. Segregation analysis and

variance components analysis of
bone mineral density in healthy
families. J Bone Miner Res.1995;

10:2017-2022.

11-Havill LM, Mahaney MC, Binkley
TL, Specker BL. Effects of genes, sex,
age, and activity on BMC, bone
size, and areal and volumetric BMD J

Bone Min Resear. 2007;
22(5):737-746.
12- Weeks BK, Beck BR. The

Relationship between physical activity
and bone during adolescence
differs according to sex and biological
maturity. J Osteoporos. 2010;
Article ID,1-9.

13- Deepika, Kumar YS, Akash J,
Ashok K. Osteoporosis: an overview. |
JPLS. 2010; 1(2):61-76.

14- Gilsanz V, Roe TF, Mora S, Costin
G, Goodman WG. Changes in
vertebral bone density in Black
girls and White girls during childhood
and puberty. New Engl J Med.
1991; 325: 1597-1600.



Tikrit Journal of Pharmaceutical Sciences 2012 8(1)

15- Balasch J. Sex steroids and bone:
current perspectives. Human
Reproduction Update. 2003;
9(3):207-222.

16- Rogol  AD. Androgens and
puberty. Mol Cell Endocrinol. 2002;
198:25-29.

17- Bond L, Clements J, Bertalli N,
Evans-Whipp T, McMorris BJ, et al.A
comparison of self-reported puberty
using the pubertal development scale
and the sexual maturation scale in a
school-based epidemiologic survey. J
Adolescence. 2006; 29:709-720.

18- Karen R. Pubertal development
and bone. Curr Opin Endocrinol
Diabet. 2000; 7(2):65-70.(Abstract)

19- Doneray H, Orbak Z. Association
between bone turnover and bone
mineral density in puberty and
constitutional delay of growth and
puberty. West Idian Med J. 2008;
57(1):33-39.

20- MacKelvie KJ, Khan KM, McKay
HA. Is there a critical period for bone
Response to weight-bearing exercise in
children and adolescents? a systematic
review. Br J Sports Med. 2002;
36:250-257.

21- Hamil PVV, Drizd TA, Johnson
CL, Reed RB, Roche AF, Moore WM.
Physical growth: National center
for health statistics percentile. Am J
Clin Nutr. 1979; 32: 607-629.

22- Bachrach LK, Sills IN. Bone
Densitometry  in  Children  and
Adolescents. Pediatr. 2011;

127(1):189-194.

23-Guyton AC, Hall JE. Textbook of
Medical Physiology. 11" ed. Elsevier
Saunders  Company, Philadelphia,
USA. 2006; pp. 865-880.

24- Shirtcliff EA, Dahl RE, Pollak SD.
Pubertal development: Correspondence

between hormonal and physical
development. Child Development.
2009; 80(2):327-337.

25- Gilsanz v, Wren T. Assessment of
bone acquisition in childhood and

77

adolescence. Pediatr. 2007; 119;S145-
S149.

26-Lazaretti-Castro M. Why to
evaluate bone mineral density in
children and adolescents?. J de Pediatr.
2004; 80(6):439-440.

27- Gordon CM, Bachrach LK,
Carpenter TO, Crabtree N, Fuleihan

GE, et al. Dual energy Xx-ray
absorptiometry  interpretation  and
reporting in children and

adolescents: The 2007 ISCD pediatric
official positions. J Clin Densitom.

2008; 11(1):43-58.

28- Bachrach LK, Sills IN. Bone
Densitometry  in  Children  and
Adolescents. Pediatr. 2011;

127(1):189-194.

29- De Schepper J, Derde MP, Van
den Broeck M, Piepsz A, Jonckheer
MH. Normative data for lumber
spine  bone mineral in children:
influence of age, height, weight, and
pubertal stage. J Nucl Med. 1991;
32(2):216-220

30- Rubin K, Schirduan V, Gendreau
P, Sarfarazi M, Mendola R, et al.
Predictors of axial and peripheral
bone mineral density in health children
and adolescents, with special
attention to the role of puberty. J
Pediatr. 1993;123: 863-870.

31- Theintz G, Buchs B, Rizzoli R,
Sloman D, Clavien H, Sizonenko PC.
Longitudinal monitoring of bone mass
accumulation in healthy adolescents:
evidence for a marked reduction after
16 years of age at the levels of lumbar
spine and femoral neck in female
subjects. J Clin Endocrinol Metab.
1992;75:1060-1065.

32- Fournier P-E, Rizzoli R, Slosman
D-O, Theintz G, Bonjour J-P.
Asynchrony between the rates of
standing height gain and bone mass
accumulation during puberty.
Osteoporos Int. 1997; 7:525-32.

33- Bailey DA, McKay HA, Mirwald
RL, Crocker PR, Faulkner RA. A six-
year longitudinal study of the



Tikrit Journal of Pharmaceutical Sciences 2012 8(1)

relationship of physical activity to
bone mineral accrual in growing
children: The University of
Saskatchewan bone mineral accrual
study. J Bone Miner Res.1999;
14:1672-1679

34- Silva CC, Goldberg TBL, Teixeira
AS, Dalmas JC (2007). Bone
mineralization in Brazilian
adolescents: the year of maximum
bone mass incorporation. Arch Lat Am
Nutr. 57(2):118-124.

35- Boot AM, Ridder MAJ, Pols HAP,
Krenning EP, Schrama SMPF. Bone

mineral density in children and
adolescents:  relation to puberty,
calcium intake, and physical

activity. J Clin Endocrinol. Metab.
1997; 82(1):57-62.

36-Ahmed SF, Weaver LT. Letter to
the editor. J Pediatr Gastroenterol Nutr.
2005;  40:99-103.

37- Goksen D, Darcan S, Coker M,
Kose T. Bone mineral density of

healthy Turkish children and
adolescents. J Clin Densitom. 2006;
9(1):84-90.

38- Arabi A, Tamim H, Nabulsi M,
Maalouf J, khalife H, et al. Sex

differences in the effect of body-
composition variables on bone mass in
healthy children and adolescents. Am J
Clin Nutr. 2004; 80:1428-1435.

39- Hasanoglu A,Tmer L, Ezgl FS.
Vertebra and femur neck bone mineral
density values in healthy Turkish
children. Turkish J Pediat. 2004;
46:298-302.

40- Yilmaz D, Ersoy B, Bilgin E,
Gumuser G, Onur E, Pinar ED. Bone
mineral density in girls and boys at
different pubertal stages:relation with
gonadal steroids, bone formation
markers, and growth parameters. J
Bone Miner Metab. 2005; 23:
476 482.

41- Arabi A, Nabulsi M, Maalouf J,
Choucair M, Khalife H, et al. Bone
mineral density by age, gender,
pubertal stage, and socioeconomic

78

status in healthy Lebanese children
and adolescents. Bone. 2004; 35:1169-
1179.

42- Bonjour J, Theintz G, Buchs B,
Slosman D, Rizzoli R . Critical years
and stages of puberty for spinal
and femoral bone mass accumulation
during adolescence. J Clin Endocrinol
Metab.1991; 73:555-563.

43- Silva CC, Goldberg TBL, Teixeira
AS, Dalmas JC. Bone mineralization
among male adolescents: critical
years for bone mass gain. J pediatr.
2004,80(6):461-467.

44- De Schepper J, Derde MP, Van
den Broeck M, Piepsz A, Jonckheer
MH. Normative data for lumber
spine  bone mineral in children:
influence of age, height, weight,
and pubertal stage. J Nucl Med. 1991;
32(2):216-220

45- Marco LG, Rodriguez GV,
Valtuena J, Rey-Lo<:pez JP, Martinez
AED, et al. Bone Mass and Bone
Metabolism Markers during
Adolescence: The HELENA Study.
Horm Res Paediatr.2010; 21:original
paper

46- Seeman E. Bone quality: the
material and structural basis of bone
strength. J Bone Miner Metab. 2008;
26: 1-8.

47- Riggs BL, Khosla S, Melton LJ.
Sex steroids and the construction and
conservation of the adult skeleton.
Endocrine Reviews. 2002; 23(3):279—
302.

48- Meier C, Kraenzlin ME. Gonadal
hormones and their influence on
skeletal health in men. JMHG. 2007,
2:181-191.

49- Bertelloni S, Baroncelli GI, Mora
S. Bone health in disorders of sex
differentiation. Sex Dev. 2010; 4:270-
284

50- Orwoll ES, Belknap JK, Klein RF.
Gender specificity in the genetic
determinants of peak bone mass. J
Bone Miner Res. 2001; 16:1962-
1971.



Tikrit Journal of Pharmaceutical Sciences 2012 8(1)

51- Kalkwarf HJ, Zemel BS, Gilsanz
V, Lappe JM , Horlick M, et al. The

bone Mineral density in childhood
study: Bone mineral content and
density according to age, sex and

race. J Clin Endocrin Metab. 2007;
92(6):2087-2099.

52- Venkat K, Desai M, Arora MM,
Singh P, Khatkhatay MI. Age-related

changes in sex steroid levels
influence bone mineral density in
healthy Indian men. Osteoporos

Int. 2009; 20:955-962.

53- Finkelstein JS, Lee ML, Sowers M,
Ettinger B, Neer RM, et al. Ethnic
variation in bone density in
premenopausal and early
perimenopausal women: effects of
anthropometric and lifestyle factors. J
Clin Endocrinol Metab.2002; 87:3057-
3067.

79



