
In 136normalgrowingchildrenbetweenthe agesof 1 and
18 yr, bone mineralcontent (BMC) at the level of the
lumbarspine(L2-L4)was determinedwith a commercial
dual-photonabsorptiometer.BMCwascalculatedas BML
(BMC per unit length)and BMD (BMC per unit surface).
The meanlumbarspineBML of the studiedchildren(2.53
Â±0.86 gHA/cm) was significantly lower than the spinal
mineral content of adults (4.26 Â±0.57 gHA/cm). No sex
difference existed in lumbar spine BMC. BML as well as
BMD were highlydependent on age, body height, and
bodyweight.Duringthe prepubertalyears,BMLandBMD
increasedin a fairly rectilinearpattern. During puberty,
BMC increasedmore rapidly:40% for BMD and 77% for
BML. For the entiregroup,the increasein BMC with age,
height,and weightwas best predictedby an exponential
regressionlineanalysis.

JNucIMed1991;32:216â€”220

ual-photon absorptiometry, which in vitro is as
accurate as single-photon absorptiometry, gives a
slightly higher radiation dose than the single-photon
technique, but offers the possibility of axial skeleton
(lumbar spine) density measurements (1).

In a preliminary study, lumbar spine bone mineral
content (BMC) has been measured with a commercial
dual-photon absorptiometer in a rather limited number
of children less than 16 yr old (2). A close relationship
was found between lumbar spine BMC (expressed in
grams of hydroxyapatite/cm) and age, body height, and
body weight. The purpose of this study was to establish
in a larger age group (up to 18 yr) normal values for
lumbar spine BMC, calculated per unit length (BML),
as well as per unit surface (BMD), versus age, weight,
height, and pubertal stage.
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Included in the study were 136 normal growing subjects
(78 girls and 58 boys), between the ages of I and 18 yr (mean
age: 9.9 Â±4.1 yr). Informed consent of the parents and of
children more than 12yr ofage was obtained. BMC evaluation
was made in 78 subjects with a recent fracture ofthe peripheral
skeleton (Group 1), in 25 children before treatment with
glucocorticoids (Group 2), and in 33 cases with a minor
orthopedic problem (Group 3). All studied children had a
normal birth weight and were not taking any drugs.

BMC determination was made at the L2-L4 level of the
spine with a Novo Industry BMC-Lab 22 densitometer. This
equipment has a gadolinium-153 source emitting photon
beamsof44 and 100keV,respectively,whichare detectedby
a NaI detector. A HP 85 computer was used for the calculation
of BMC based upon scan image. Bone edges and baseline
determination were operator adjusted. All images were pro
cessed by the same operator. With this technique, the precision
varies in adults between 1.4% and 2.6% and the accuracy lies
in vitro around 1%(3). The radiation dose at the skin level
of the lumbar spine, measured by thermoluminescent dosim
etry, amounts to 10mrad (1).

BMCwas expressedas total BMC minus BMCcalculated
within the L2-L4 region (gHA) as BML (BMC per unit length
minus total BMC divided by the height of L2-L4 (gHA/cm)
and as BMD (BMC per unit surface minus total BMC divided
by the surface ofthe scanned L2-L4 region (gi-IA/cm2).Mean
lumbar spine BML in young adults, measured with the same
equipment, is 4.33 Â±0.78 gHA/cm for men and 4.21 Â±0.69
gHA/cm for women (4). Body weight and height were deter
mined with an electronic scale and with a wall-mounted
stadiometer, respectively. Pubertal development was assessed
following the standardsof Tanner and Marshall(5,6). Statis
tical analyses were carried out with the SPSS/PC program.

The tests were all performed two-sided at the 5% level of
significance. The relation between continuous variables was
evaluated by means of the Pearson's correlation coefficient
and by means oflinear regression.Multiple regressionanalysis
was performed in order to evaluate the impact of the combi
nation of several parameters on the BML and BMD values.
Evaluation ofsex difference was made by ANOVA techniques.
For the comparison of two independent series of measure
ments (e.g., mean BMC in children and in adults), the Stu
dent's t-test was used. The comparison of the BMC values
between the different pubertal stages and the young adults
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METHODS



TABLE2BMC/cm,
RelativeIncrease(RI), and CoefficientsofVariation

(CV) of BMC/cm in the Different AgeGroupsBMC/cm

Allchildren
(9HA/ Boys Girls
cm) (mean Â±s.d.) (meanÂ±s.d.) (mean Â±s.d.)No.CV(%)1â€”4

yr 1.18Â±0.41 1.31Â±0.24 1.25Â±0.32 1125%RI
(-.) (-)(-.)4â€”8

yr 1.85Â±0.35 1.73Â±0.28 1.79Â±0.32 3318%RI
(+57%) (+32%)(+43%)8â€”1

2yr 2.58Â±0.29 2.39Â±0.45 2.46Â±0.40 3916%RI
(+39%) (+38%)(+38%)12â€”16

yr 3.11Â±0.48 3.30Â±0.71 3.22Â±0.63 4719%RI
(+21%) (+38%)(+31%)16â€”l8yr

4.05Â±0.15 3.93Â±0.24 3.99Â±0.19 65%RI
(+30%) (+19%) (+24%)

Group1
n=78

(meanÂ±s.d.)Total
n=136

(meanÂ±s.d.)Age(yr)10.0

Â±3.79.6 Â± 4.4.9.9 Â± 4.79.9 Â±4.1Weight
(kg)36.7 Â±15.037.2 Â±18.940.4 Â±19.737.7 Â±16.9Height(cm)138.7

Â±21.2138.2 Â±28.6137 Â±27.6138.2Â±24.2BMC
total(gHA)20.26 Â± 9.2120.46 Â±11.8521 .30 Â±11.6120.55 Â±10.27BMC/cm

(gHA/cm)2.53 Â± 0.792.44 Â± 0.862.61 Â± 1.032.53 Â±0.86BMC/cm2
(gHA/cm@)0.63 Â± 0.120.62 Â± 0.130.62 Â± 0.180.62 Â± 0.14

wasinvestigatedusinga one-wayanalysisof variance.For the
subsequentcomparison ofBMC values in the differentpuber
tal stages, the Student Newman-Keuls test was applied.

RESULTS

The characteristics ofthe studied population are pre
sented in Table 1. No difference in total BMC, BMC/
cm, and BMC/cm2 was found by analysis of variance
between children with fractures and the two other
groups. For further analysis, data of the three groups
were pooled. Only BMC/cm and BMC/cm2 were fur
ther analyzed, since these parameters had a lower vari
ation than total BMC (CV: 33% and 23%, respectively
versus 49%). The mean lumbar spine BMC/cm (2.53
Â±0.86 gHA/cm) of the studied children was signifi
cantly lower (p < 0.001) than the mineral content of
the spine of young adults.

As shown in Tables 2 and 3, there was no sex
difference in BMC at the level of the lumbar spine
during the prepubertal as well as during the pubertal
period. For girls as well as boys, a regular increase in
BML and BMD values in the different age groups (1-
4; 4â€”8;8â€”12;12â€”16;16â€”18yr) was found. In all age
groups, an important variation ofthe BMC/cm and the
BMC/cm2 values was found. The lowest variation was
present in the age group 16â€”18yr for BMC/cm (5%) as
well as for BMC/cm2 (6%).

The effect of age on the increase in BMC is more
clearly depicted in a scatter graph (Fig. 1). During the
prepubertal period (age range 1-12.9 yr), the BML
increased by a factor ofmore than two following a fairly
rectilinear pattern (BMC/cm = 0.92 Â±0.15 age, r@=
0.75). In prepubertal children, a linear increase in the
BMD values with age was also present (BMC/cm2 =
0.382 Â±0.022 age (yr), r@= 0.55), but the increase (by
a factor 1.4) was smaller than the BML values. After
the age of 10 yr, not only the increase, but also the
spread of the BMC/cm and BMC/cm2 values became
more important. For BML as well as for BMD, values
ofyoung adults were attained after the age of 16 yr. For
the total group of children, the increase in BML and
BMD with age could best be described by the following
exponential functions: for BML: BMC/cm = 1.06 x

@,O.O82@gC;r2 = 0.82; and for BMD: BMC/cm2 = 0.38 x

eÂ°Â°@75@5C;@.2 0.72).

BMC, expressed as BMC/cm and BMC/cm2, was
also significantly correlated to body weight and body
height. Higher Pearson's correlation coefficients of
BMLwithage(r= 0.87; p<0.0001), body weight(r =
0.84; p < 0.0001) and height (r = 0.88; p < 0.0001)
were found in the prepubertal children. In the pubertal
children (n = 51), the correlation factors were lower:
0.57 (p < 0.0001), 0.48 (p < 0.0001), and 0.61 (p <
0.0001), respectively. In comparison with the BML
results, the BMD values showed lower Pearson's corre
lation factors with age, body weight, and height, espe
cially in the pubertal period: r = 0.50 (p < 0.0001) for
age, r = 0.18 (p < 0.0001) for weight, and r = 0.38 (p
< 0.0001) for height. For the whole population of
children, the increases in BML as well as in BMD with
body weight and height were best described by expo
nential functions. For BML, BMC/cm = 1. 18 X eÂ°Â°'9
weight (@.2= 0.74) and BMC/cm 0.38 X cÂ°Â°'4hei&fl (r2

0.84). For BMD, BMC/cm2 = 0.41 x eÂ°Â°'â€œ@(r2 =
0.56) and BMC/cm2 = 0.20 x eÂ°Â°Â°7height(@.2 0.68).

Using stepwise multiple regression analysis, the im
pact of these different growth parameters on BML and
BMD were evaluated. If for the ln (BMD) results, age
was held constant, no significant partial correlation
coefficients for height (r = 0. 15; p = 0.09) and weight

TABLE 1
Age Weight Height BMC BMC/cm and BMCLcm2in the Three Groupsof Subjects

Group 2 Group 3
n=25 n=33

(meanÂ±s.d.) (meanÂ±s.d.)

217Bone Mineral Content in Children â€¢De Schepper et al



TABLE3BMC/cm2,
RelativeIncrease(RI), and Coefficientsof

Variation(CV) of BMC/cm2in the DifferentAgeGroupsBMC/cm2
Allchildren

(gHA/ Boys Girls
cm2) (meanÂ±s.d.) (meanÂ±s.d.) (meanÂ±s.d.)No.CV(%)1

â€”4yr 0.41 Â±0.08 0.42 Â±0.07 0.42 Â±0.07 1116%RI
(-) (-)(-)4â€”8yr

0.53Â±0.07 0.52Â±0.06 0.53Â±0.06 3311%RI
(+29%) (+23%)(+26%)8â€”12

yr 0.60 Â±0.07 0.61 Â±0.08 0.61 Â±0.08 3913%RI
(+13%) (+17%)(+15%)12â€”16

yr 0.69 Â±0.07 0.75 Â±0.13 0.72 Â±0.11 4715%RI
(+15%) (+22%)(+18%)16â€”18

yr 0.86 Â±0.04 0.88 Â±0.08 0.87 Â±0.06 66%RI
(+24%) (+17%) (+20%)

mal adults, BMC determined locally at the level of the
forearm as well as at the level ofthe lumbar spine shows
a close relationship with the BMC ofthe whole skeleton
(10,11). However, in several diseases associated with
osteoporosis, determination of forearm BMC is not
appropriate for estimating changes in the axial skeleton
(11,12). Lumbar spine BMC is clearly a more sensitive
means of assessing trabecular bone turnover, as the
response to disease and treatment is more rapid in this
type ofbone (13). Another advantage ofa BMC deter
mination at the level of the lumbar spine in children is
the possibility to perform serial measurements at pre
cisely the same localization (L2-L4). This is not so
obvious for longitudinal studies using the monophoton
technique (14).

To our knowledge, normative data on lumbar spine
BMC in children have not been established. In the
present study, BMC determination in normal children

(without any pathology) could not be performed for
ethical reasons, but the studied population of children
might be considered as representative for the develop
ment and the presence of a normal lumbar spine bone
mass.

In the first group of children, BMC determinations
were made within 3 days after the fracture, thus, before
the effect of immobilization could be present. None of
the children had experienced a fracture before and in
all cases a violent trauma was responsible for the frac
ture, which was always localized at the peripheral skel
eton. In the second group of children with a minor
orthopedic anomaly at the level of the peripheral skel
eton, attention was paid not to include children whose
skeletal anomaly might have led to a lesser degree of
physical activities.

The third group included children in whom a corti
costeroid treatment was indicated for an acute non
skeletal disease. In those children, the BMC values
included in the present study were all obtained before
the treatment was started. No difference in BMC results
were found between these three groups. However, if the

(r = 0.03; p = 0.69) were found. BMD values can, thus,
be predicted by the exponential regression line of BMC/
cm2 for age: BMC/cm2 = 0.38 x eÂ°Â°745@ Ln (BML)
could best be described by a linear combination of age
and height, while the inclusion ofweight did not deliver
a significant improvement in the prediction. The equa
tion ofthe exponential regression line for the prediction
ofBML is

BMC/cm = 0.52 x eÂ°Â°Â°8hei@ht(cm)x eÂ°Â°34age(yr)

For pubertal children, the BMC values, expressed per
cm and cm2, in relation to their pubertal stage, are
presented in Tables 4 and 5. BML values increased
significantly (p < 0.05) at each pubertal stage, except at
Stage 5. For the BMD values, however, only at Stage 4
was there a significant increase. For the children (n =
9) with a completed pubertal development (Stage 5),
the bone mass was already in the adult range.

DISCUSSION

Normative data on BMC in children between 1 and

16 yr so far have been determined at the level of the
forearm by single-photon absorptiometry (7â€”9).In nor
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ApproximatePuberty

stageNo.patientsMean
Â±s.d.

(gHA/cm)95%
confidence

intervalformeanStageG2162.82Â±0.372.62â€”3.02Stage

G3133.26 Â±0.333.06â€”3.46Stage
G4133.77 Â±0.423.52â€”4.02Stage
G594.03 Â±0.333.78â€”4.28

ApproximatePuberty

stageNo.patientsMean
Â±s.d.

(gHA/cm@)95%
confidence

intervalformeanStage

G2160.68 Â±0.080.63â€”0.71Stage
G3130.70 Â±0.060.66â€”0.73Stage
G4130.83 Â±0.090.78â€”0.88Stage
G590.86 Â±0.060.81 â€”0.92

TABLE 4
BMC/cm Accordingto PubertalStage

growth may perhaps explain the low variation in this
age group.

To reduce the great variation of BMC in adolescence,
some authors have suggested normalizing BMC to pu
bertal stage rather than to chronologic age (1 7,18). In
our study, the correlation coefficients for lumbar spine
BML and BMD versus age, weight, and height were
much lower in pubertal than in prepubertal children,
suggesting that, especially during puberty, factors other
than growth influence bone mineralization. During pu
berty, the total increase in BML (1 .87 gHA/cm) and
BMD (0.25 gHA/cm2) was higher than that during the
preceeding 10 yr. These values represent a 40% increase
for BMD and a 77% increase for BML. The most
important increase in lumbar spine BMD and BML
was found in pubertal Stage 4 for both sexes. It is during
this stage of puberty that the deceleration of the growth
spurt occurs and adult levels of sex steroids can be
attained. Adult BMC values were found in the nine
subjects with adult (Stage 5) pubertal development.
However, this does not mean that these BMC values
represent the peak bone mass, which is generally at
tamed around the age of 30 yr (19).
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