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ABSTRACT

Objective: Our main goal was to present normal BMD measure-
ments in pubertal males and females in order to make contribution
to the the database of normative BMD values in our country.

Material and Methods: In this study 30 pubertal subjects (14 ma-
les, 16 females) with Tanner stage 1I-V having normal BMD values
were enrolled. The mean ages of the male and female groups were
13.6+1.4 and 13.7£1.6 years, respectively (P>0.05). The BMD
measurements of lumbar spine (L1-4) and femoral neck were done
by dual x-ray absorptiometry (DXA). Lumbar and femoral BMD
measurements of male and female subjects were compared. Lum-
bar and femoral neck BMD values were correlated with the age,
weight, height and body mass index of the subjects within each
gender groups.

Results: There was no significant difference between mean ages,
mean weight, mean height and mean BMI of male and females
(P>0.05). The mean lumbar BMD value was statistically higher in
pubertal females compared to males (P<0.05). There was signifi-
cant correlation between the mean age and the mean lumbar BMD
measurements in female group (P<0.05). There was significant
correlation between the mean weight and the mean BMD measu-
rements (lomber and femoral BMD) in male group (P<0.05).

Conclusion: In conclusion, DXA is a useful, fast and accurate di-
agnostic tool for performing BMD measurements of lumbar spine
(L1-4) and femoral neck in pubertal males and females.
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OZET

Amag: Ulkemizdeki normal kemik mineral yogunlugu (KMY) ve-
ritabanina katkida bulunmak i¢in puberte donemindeki erkeklerde
ve kizlarda normal kemik mineral yogunluk (KMY) él¢iimlerini
sunmayt amagladik.

Gereg ve Yontemler: Bu ¢alismaya puberte doneminde olan, nor-
mal KMY degerlerine sahip, Tanner evre 2-5 arasindaki 30 olgu
(14 erkek, 16 kiz) dahil edildi. Erkek ve kiz gruplarinin yas orta-
lamalart sirasiyla 13.6+1.4 and 13.7€1.6 yil idi (p>0.05). Lomber
(L1-4) ve femur boynu KMY él¢iimleri dual enerji X-151mi absorb-
siyometri (DXA) ile yapildi. Erkek ve kizlarin lomber ve femoral
KMY élciimleri karsilagtirildi. Her cinsiyet grubu iginde lomber
ve femoral KMY degerleri yas, agirlik, boy ve viicut kitle indeksi
(VKI) ile korele edildi.

Bulgular: Erkek ve kizlarin ortalama yaslari, agirliklari, boylar
ve VKI’leri arasinda anlaml farklilik bulunmadi (P>0.05). Pu-
bertal kizlarin ortalama lomber KMY degerleri erkeklerinkinden
anlaml olarak daha yiiksekti (P<0.05). Kizlarin grubunda orta-
lama yas ile ortalama lomber KMY él¢iimleri arasinda anlaml
korelasyon mevcuttu (P<0.05). Erkeklerin grubunda ortalama
agwrlik ile ortalama KMY élgiimleri (lomber ve femoral) arasinda
anlamli korelasyon mevcuttu (P<0.05).
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4) ve femur boynu KMY él¢iimlerinde yararl, hizli ve dogrulugu
yiiksek bir tanisal aragtir.
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INTRODUCTION

Osteoporosis can be a risk factor for health not
only for the adult population but for the pediatric
age group [1-3], as well. Actually, rather using os-
teopenia and osteoporosis based on bone mineral
density (BMD) findings alone, the use of the term
“low for age” was stated to be more proper in youn-
ger patients with a BMD which falls more than 2
standard deviations (SDs) under expected [4]. Pro-
per diagnosis of osteoporosis in pediatric age group
including pubertals is extremely important to avoid
inappropriate treatment [3, 5]. Dual photon absorp-
tiometry has been used to measure lumbar spine
bone mineral density (BMD) in children for almost
30 years [6]. BMD measurements have always att-
racted attention clinically and many researches inc-
luding different pediatric age and patient groups
have been conducted [1, 6—12]. Today, dual x-ray
absorptiometry (DXA) has become the the gold
standard method for measuring BMD both in adults
and children [13—17].

Relatively less ionizing radiation in DXA, besides
its accuracy and short examination time which abo-
lishes the need for sedation in younger children are
the reasons for its being preferred also in pediatric
age group [18]. However, reference-related errors
such as using T-score to diagnose osteoporosis whi-
ch is not suitable for pediatric age group, besides
utilizing a reference BMD data pool that does not
take gender or ethnic diversities into consideration
constitute the most common reasons of misdiagno-
sis of osteoporosis in pediatric age group including
pubertal subjects [5, 19]. Also the peripubertal peri-
od is a particular length of time having utmost signi-
ficance for maintaining the present and future status
of bone health [20]. So our main goal was to present
normal BMD measurements (primarily the BMD
values or bone mineral content as g/cm?) in pubertal
males and females in order to make contribution to
the the database of normative BMD values in our
country. We also aimed to compare BMD measu-
rements of pubertal male and female subjects, and
wanted to evaluate the relationship between BMD
measurements and age, weight, height and BMI of
the subjects.
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MATERIAL AND METHOD

Between years 2010 and 2011, 54 consecutive
outpatient caucasian pubertal subjects who already
underwent BMD measurements and who did not
give any history of medications and chronic dise-
ases that might affect bone turnover were recruited
in the first selection in this cross-sectional retrospe-
ctive study which conformed to the ethics granted
by the institution. The present study was conducted
in accordance with the World Medical Association
Declaration of Helsinki (revised in 2000, Edinbur-
gh). All the subjects’ parents were informed about
BMD measurements and consent was obtained
from them. Twenty-four patients were excluded
either because their BMD measurements were low
for age (consistent with osteoporosis/osteopenia)
in lumbar/femoral neck measurements and/or be-
cause their percentiles regarding their weight and
height were far beyond Turkish standards (under
3 percentile or over 97 percentile) [21]. The rest
30 pubertal subjects (14 males, 16 females) with
Tanner stage II-V [22] having normal BMD valu-
es according to Goksen at al [17] and to the data
obtained from the National Health and Nutrition
Examination Survey (NHANES) 2005-2008 [23],
were enrolled in the study. With regard to above
mentioned NHANES 2005-2008 data, the lumbar
spine (L1-4) and femoral neck BMD of pubertal
males were between 25-95 percentile and 15-95
percentile, respectively. According to the same
NHANES 2005-2008 data, the lumbar spine (L1-
4) and femoral neck BMD of pubertal females
were between 25-95 percentile and 5-95 percen-
tile, respectively. Chronological age was calcula-
ted as decimal age by means of years [16]. The
mean ages of the subjects with standard deviations
(SDs) in male and female groups were 13.6+1.4
and 13.7£1.6 years, respectively.

The BMD measurements of lumbar spine (L1-4)
and femoral neck were accomplished in anteropos-
terior projection by a DXA device (Lunar Prodigy
Advance; GE Medical Systems-Lunar, Madison,
WI, USA). Quality control was done by using an
approved phantom every day. For lumbar measure-
ments the subjects were in supine position with the
knees elevated and supported for minimizing lum-
bar lordosis. Lateral lumbar spine measurements
were not performed in order to minimize the expo-
sure to ionizing radiation. Femoral neck positioning
and measurements were done in accordance with
the instructions for proper use of device. For stan-
dardization, left femoral neck measurements were
included in the study.

The DXA device in the study presented the BMD
measurements of lumbar spine (L1-4) as BMD va-
lues (g/cm?) and as Z-scores. However, because of
the software limitations of the device, we could not
get Z-scores of femoral neck BMD but we rather
obtained femoral neck BMD values as g/cm?. We
obtained height and weight of the subjects prior to
BMD measurements, and calculated body mass in-
dex (BMI) as: weight (kg)/height (m)? [24, 25].
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STATISTICAL ANALYSIS

The mean values, standard deviations and %95
confidence intervals (Cis) were calculated for all the
quantitative variables. Lumbar BMD values besides
Z-scores of male and female subjects were compa-
red statistically by independent sample t-test. Femo-
ral neck BMD values of male and female subjects
were compared with each other statistically by in-
dependent sample t-test. Lumbar and femoral neck
BMD values in male and female subjects were cor-
related with the age, weight, height and BMI of the
subjects within each gender groups using Pearson
correlation test. P values <0.05 were accepted as
statistically significant. All analyses were done with
SPSS software (version 16.0; SPSS Inc; Chicago,
IL, USA).

RESULTS

The mean ages of pubertal males and females,
their mean weight, mean height and mean BMI with
their %95 CIs were given in Table 1.

Table 1: The mean ages of males and females, their mean weight, mean
height and mean BMI with their standard deviations and %95 confiden-
ce intervals.

Pubertal males | Pubertal females P
(n=14) (n=16) value*

Mean age £SD 13.6+1.4 13.7+1.6

(%95 CL: (%95 CL: 0.882
with %95 CI (years) | 12.4-14.8) 12.8-14.7)
Mean weight £SD 51.1+£12.4 54.4+8.6

(%95 CL: (%95 CI: 0.477
with %95 CI (kg) 40.7-61.4) 49.2-59.6)
Mean height £SD 160.6+12.2 159.2+7.2

(%95 CI: (%95 CL: 0.730
with %95 CI (cm) 150.5-170.8) 154.8-163.5)
Mean BMI £SD 19.944.7 21.543.7

(%95 CL: (%95 CL 0.360
with %95 CI (kg/m)? | 16.1-23.6) 19.3-23.7)

*P-values < 0.05 are considered as statistically significant. BMI: Body
mass index, SD: Standard deviation, CI: Confidence interval.

There was no significant difference between mean
ages, mean weight, mean height and mean BMI of
male and females (P>0.05). The mean lumbar and
femoral BMD measurements for pubertal males and
females with their SDs and %95 Cls were given in
Table 2.

Table 2: The mean lumbar and femoral BMD measurements for pu-
bertal males and females with their standard deviations and %95 con-
fidence intervals.

BMD Pubertal males | Pubertal females P
measurements (n=14) (n=16) value*
Li-4 0.930+0.092 1.022+0.079
(gfem?) (%95 CI: (%95 CI: 0.025
& 0.854-1.008) 0.975-1.070)
L4 -0.1+0.8 0.0£0.7
(%95 CI: (%95 CI: 0.811

(Z-score) 20.8-0.6) 20.4-0.4)
Femoral neck 0.964+0.121 0.960+0.088
(g/cm?) (%95 CI: (%95 CI: 0.933
g 0.862—1.065) 0.907-1.013)

*P-values < 0.05 are considered as statistically significant. BMD: Bone
mineral density, SD: Standard deviation, CI: Confidence interval.
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The mean lumbar BMD value was statistically hig-
her in pubertal females compared to males (P<0.05).
The correlations between ages, BMI of pubertal
groups (males and females) and their BMD measu-
rements of lumbar and femoral neck regions were
given in Table 3. There was significant correlation
between the mean age and the mean lumbar BMD
measurements in female group (P<0.05). There was
significant correlation between the mean weight and
the mean BMD measurements (lomber and femoral
BMD) in male group (P<0.05).

Table 3: The correlations between ages, BMI of pubertal groups (males

and females) and their BMD measurements of lumbar and femoral neck
regions.

L1-4 Femoral neck
(g/cm?) (g/cm?)

r=0.473 r=-0.062
Age of pubertal male group

P=0.236 P=0.884

r=0.571 r=0.397
Age of pubertal female group

P=0.042 P=0.18

r=0.739 =0.755
Weight of pubertal male group

P=0.036 P=0.030

r=0.461 r=0.230
Weight of pubertal female group

P=0.113 P=0.449

r=0.439 r=0.124
Height of pubertal male group

P=0.277 P=0.770

r=0.437 r=0.551
Height of pubertal female group

P=0.136 P=0.051

r=0.410 r=0.649
BMI of pubertal male group

P=0.313 P=0.082

r=0.184 r=-0.093
BMI of pubertal female group

P=0.548 P=0.764

*P-values <0.05 are considered as statistically significant. BMI: Body
mass index, BMD. Bone mineral density.

DISCUSSION

In healthy individuals, bone mass shows a gra-
dual increase during childhood years with its hig-
hest levels at the end of adolescent period or early
adulthood [16].Kroger et al. [7] reported that the
annual increases of BMD and bone volumetric den-
sity, in both vertebrae and femoral neck were most
marked in females at the time of menarche (during
11-13 years of age), and in males between 13—17
years of age. Puberty is of utmost siginificance in
the developmental process of bone [12]. In the pre-
sent study we did not obtain extreme lumbar and
femoral BMD values in both of our male and female
were groups, and our results were quite close to tho-
se of other wide-scale nationwide studies including
thousands of subjects such as NHANES 2005-2008
which was conducted in the United States [23].

In the present study, the mean lumbar BMD value
was statistically higher in pubertal females compa-
red to males which was consistent with the results
of Hasanoglu et al [18], due to the fact that puberty
begins earlier in the former group as they stated.
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Since Z-score represents the SDs from the mean
for gender, age and height, the use of Z-scores for
reporting BMD in children was stated as a must
[20]. In the present study, besides obtaining lum-
bar BMD values as g/cm? we also obtained Z-sco-
res for that region. there was no significant dif-
ference between their Z-scores which proved the
reliability of Z-score in the diagnosis of osteopo-
rosis in pediatric age group. DXA measurements
of the femoral neck was stated to be unreliable in
subjects younger than 13 years because of the obs-
tacles in demonstrating the bony landmarks [26].
Since the mean ages of our subjects were higher
than 13 years in both groups, we could realibly use
femoral neck measurements in our study. We could
not find statistically significant difference between
femoral BMD of males and females in the present
study which was consistent with the results of Ha-
sanoglu et al [18] who explained this by the abun-
dance of cortical bone in femoral neck compared
to lumbar vertebrae, causing slower bone turnover
during puberty in the former region. The height
adjustment of DXA data is also extremely impor-
tant to abolish interpretation errors particularly in
children with short stature[ 20]. Because of this we
used standardized measuring devices which were
recommended by the manufacturer, not only for
recording the exact height of children but for pre-
cise measurement of their weight.

Though in several studies lumbar and femoral neck
BMD of both males and females showed an increase
by age, weight, height and BMI [12, 16, 17] in the
present study only the mean age of pubertal fema-
le group showed positive correlation with lumbar
BMD values and only the mean weight of pubertal
male group showed positive correlation with lum-
bar and femoral BMD values (Table 3). We consider
that this was the result of limited number of subjects
and relatively lower mean age in both groups which
was a limitating factor for the presence of enough
time that is necessary for a sufficient increase in
BMD of pubertal subjects for making positive cor-
relations between BMD and age in males, between
BMD of females and their weight, height, BMI, and
between BMD of males and their height, BMI. In
their study with 65 children and adolescents, Kroger
et al [7] reported that their findings were consistent
with the theory that the highest bone mass is domi-
nantly acquired in late adolescence, which explai-
ned the scarceness of positive correlations between
BMD measurements and age, weight, height, BMI
in our subjects, most of whom were younger than
late adolescents. Since the pubertal process starts
earlier in females compared to males, we thought
that age had more effect on the BMD of females
compared to males in the present study. We believe
that further studies with larger pubertal groups can
provide more data about the relationship between
BMD measurements of pubertal subjects and their
age, weight, height and BMI. However we consider
that we reached our main goal which was to present
normal BMD values in pubertal males and females
besides adding data to the pool of normative BMD
values in our country.
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We had some some limitations in the present study
mostly because of its retrospective design. Firstly,
we had a relatively smaller study population. Beca-
use of this we could not stratify our subjects accor-
ding to their ages such as year by year. But since we
included only the pubertal subjects, their ages were
relatively closer to each other which was in favour
of studying with a relatively homogeneous group,
as compared to a heterogeneous group including
subjects from whole childhood period. Secondly,
we could not compare our results with those of pre-
pubertal children which could help us understand
BMD changes through pubertal period. And thirdly,
due to the software limitations of the DXA device,
we could not obtain Z-scores of femoral neck BMD,
but we rather obtained BMD values as g/cm? which
was also useful for calculating mean values and for
statistical purposes. Nevertheless, we consider that
the findings we obtained will add data to other stu-
dies performed in different regions in our country.

In conclusion, DXA is a useful, fast and accurate
diagnostic tool for performing BMD measurements
of lumbar spine (L1-4) and femoral neck in pubertal
males and females. Regarding the same age group,
the lumbar BMD tends to be higher in pubertal fe-
males compared to males since puberty begins ear-
lier in females.

REFERENCES

1. Heilman K, Zilmer M, Zilmer K, Tillmann V. Lower bone mi-
neral density in children with type 1 diabetes is associated with
poor glycemic control and higher serum ICAM-1 and urinary
isoprostane levels. J Bone Miner Metab 2009;27(5):598—604.

2. Tuna Kirsa¢hoglu C, Kuloglu Z, Tanca A, Kiigiik NO, Aycan
Z, Ocal G, et al. Bone mineral density and growth in child-
ren with coeliac disease on a gluten free-diet. Turk J Med Sci
2016,46(6):1816—21.

3. Shaw NJ. Management of osteoporosis in children. Eur J En-
docrinol 2008159 Suppl 1:533-9.

4. Bachrach LK, Gordon CM. Bone densitometry in children and
adolescents. Pediatrics 2016;138(4). pii: e20162398.

5. Gafni RI, Baron J. Overdiagnosis of osteoporosis in children
due to misinterpretation of dual-energy x-ray absorptiometry
(DEXA). J Pediatr 2004,144(2):253—7.

6. Ponder SW, McCormick DP. Fawcett HD, Palmer JL, Mc-
Kernan MG, Brouhard BH. Spinal bone mineral density
in children aged 5.00 through 11.99 years. Am J Dis Child
1990;144(12):1346-8.

7. Kréger H, Kotaniemi A, Kréoger L, Alhava E. Development
of bone mass and bone density of the spine and femoral neck-a
prospective study of 65 children and adolescents. Bone Miner
1993, 23(3):171-82.

8. Ersoy B, Goksen D, Darcan S, Mavi E, Oztiirk C. Evaluation
of bone mineral density in children with diabetes mellitus. Indian
J Pediatr 1999,66(3):375—9.

9. Salvatoni A, Mancassola G, Biasoli R, Cardani R, Salvatore S,
Broggini M, et al. Bone mineral density in diabetic children and
adolescents: a follow-up study. Bone 2004;34(5):900—4.

CILT: 50 YIL: 2019 SAYI: 1

10. Plaza-Carmona M, Vicente-Rodriguez G, Gomez-Cabello A,
Martin-Garcia M, Sanchez-Sanchez J, Gallardo L, et al. Higher
bone mass in prepubertal and peripubertal female footballers.
Eur J Sport Sci 2016;16(7):877—83.

11. Ko JH, Lee HS, Lim JS, Kim SM, Hwang JS. Changes in
bone mineral density and body composition in children with
central precocious puberty and early puberty before and after
one year of treatment with GnRH agonist. Horm Res Paediatr
2011;75(3):174-9.

12. Yilmaz D, Ersoy B, Bilgin E, Giimiiser G, Onur E, Pinar ED.
Bone mineral density in girls and boys at different pubertal sta-
ges: relation with gonadal steroids, bone formation markers, and
growth parameters. J Bone Miner Metab 2005;23(6):476-82.

13. Buran T, Kasap E, Gék¢e B, Giimiiser G. Ulseratif kolit
hastaligi kemik mineral yogunlugunu etkiler mi? CBU-SBED:
Celal Bayar University-Health Sciences Institute Journal
2018,5(3):145-50.

14. Fountoulis G, Kerenidi T, Kokkinis C, Georgoulias P, Th-
riskos P, Konstantinos Gourgoulianis, et al. Assessment of bone
mineral density in male patients with chronic obstructive pulmo-
nary disease by DXA and quantitative computed tomography. Int
J Endocrinol 2016,2016:6169721. doi: 10.1155/2016/6169721.

15. Schnabel M, Eser G, Ziller V, Mann D, Mann E, Hadji P.
Bone mineral density in postmenopausal women with proxi-
mal femoral fractures--comparative study between quantita-
tive ultrasonometry and gold standard DXA. Zentralbl Chir
2005,130:469-75.

16. Doneray H, Orbak Z. Association between anthropometric
hormonal measurements and bone mineral density in puberty
and constitutional delay of growth and puberty. West Indian Med
J2010,59(2):125-30.

17. Goksen D, Darcan S, Coker M, Kose T. Bone mineral den-
sity of healthy Turkish children and adolescents. J Clin Densitom
20006,9(1):84-90.

18. Hasanoglu A, Tiimer L, Ezgii FS. Vertebra and femur neck
bone mineral density values in healthy Turkish children. Turk J
Pediatr 2004,46(4):298—302.

19. Bachrach LK. Osteoporosis in children: still a diagnostic
challenge. J Clin Endocrinol Metab 2007;92(6):2030-2.

20. Titmuss AT, Biggin A, Korula S, Munns CF. Diagnosis and
management of osteoporosis in children. Curr Pediatr Rep
2015,3:187—199.

21. Neyzi O, Giinoz H, Furman A, Bundak R, Gék¢ay G, Daren-
deliler F, et al. Tiirk ¢ocuklarinda viicut agirligi, boy uzunlugu,
bas cevresi ve viicut kitle indeksi referans degerleri. Cocuk Sag-
hig1 ve Hastaliklar: Derg 2008;51:1—14.

22. Tanner JM. Growth and adolescence. Physical growth and
development. In: textbook of Paediatrics, 2nd ed, Blackwell
Scientific, Oxford, 1962.

23. Looker AC, Borrud LG, Hughes JP, Fan B, Shepherd JA,
Melton LJ 3rd. Lumbar spine and proximal femur bone mine-
ral density, bone mineral content, and bone area: United States,
2005-2008. National Center for Health Statistics. Vital Health
Stat 2012;11(251):1—132.

24. Obesity: preventing and managing the global epidemic. Re-
port of a WHO consultation. World Health Organ Tech Rep Ser
2000, 894: i-xii, 1—-253.

25. Bozan G, Dogruel N. Obez prepubertal ve pubertal ¢ocuk-
larda serum leptin ve kemik mineral dansitometresi iligkisinin
incelenmesi. Osmangazi Tip Derg 2017;39(3):27—34.

26. Bachrach LK, Gordon CM. Bone densitometry in children
and adolescents. Pediatrics 2016,138(4). pii: e20162398.

1 cordially thank Dr. Durmus Zaimoglu and Dr. Umit Yasar Ayaz for their kind efforts and contributions.

-57-



