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Significance of bone mineral content and bone
mineral density in assessing the bone
intensity in children and adolescents
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Abstract: Objective This study aims to investigate the influences of body weight on bone mineral content (BMC)
and bone mineral density (BMD) of lumbar spines and proximal femur in healthy children and adolescents aged 6 — 13
years and to compare the differences between BMC and BMD. Methods The BMC and BMD of anteroposterior and
supine lateral lumbar spines and proximal femur in 547 healthy children and adolescents from Changsha region were
measured by DXA QDR-4500A fan beam bone densitiometry. Results The body weight, body mass index (BMI),
BMC and BMD of lumbar spines and proximal femur increased with age in both male and female children and adolescent
( P <0.050r0.01). The body weight was more correlated with BMC than with BMD. The BMC adjusted by weight of
lumbar spines and proximal lemur increased, while the BMD adjusted by weight of them decreased with age. Conclusions
It is suggested that BMC is more coincident with the property of bone intensity in terms of mechanics so BMC is a better
marker than BMD for the assessment of bone intensity in children and adolescents aged 6— 15 years.
[Chin J Contemp Pediatr, 2004, 6(3): 176 - 179]
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Up until now bone mineral density (BMD) has
been used for the diagnosis of bone quantity loss and
osteoporosis but it has recently been discovered, both
domestically and abroad, that body weight has a piv-

otal influence on the total bone quantity“'zl. Based
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on the load of body weight on different bones, the
bigger ones were selected (i. e. anteroposterior lum-
bar spines (L;-s), supine lateral lumbar spines
(latl, 4 ) and left proximal femur) to investigate the

influences of body weight on bone mineral content

[ Foundation Ttem| The 10th 5-year narional medicine science & technology key program (2001BA702B03).
[Biography ! Hong ZHANG (1966 — ), Female, Doctor, Associate Professor, Specializing in the prevention and treatment of osteoporesis and

diabetes mellitus.

[ Carrespondence Author]  Er-Yuan LIAO, 86 Renmin Middle Road, Institute of Endocrinology and Metabolism, Second Xiangya Hospital,
Central South University, Changsha 410011, China (Email; 13873137337 (@ vip. sina. com ).

- 176 -



%6
2004

3

BH
FoH

T@EENMTL
Chin ] Contemnp Pediatr

Vol.6 No. 3
June 2004

(BMC) and BMD') | In this article 547 children and
adolescents were tested in order to judge if either
BMC or BMD of lumbar and proximal femur could be

used as an index of the bone intensity.

Subjects and methods

Subjects

This research was conducted in Changsha, Hu-
nan Province from May, 2001 to April, 2003. Five
hundred and forty-seven healthy children and adoles-
cents aged 6 — 15 years, among them 250 male and
297 female, were randomly selected to measure body
weight and height as well as bone quantity. All fac-
tors including diseases and drugs that could affect
bone metabolism were excluded according to Kelly’ s
criterion' !

Methods
Physical examination

The height was measured with shoes off, keep-
ing the error within 0.5 cm. Body weight was mea-
sured permitting only a single layer of clothes with a
precision of 0.5 kg. Then the body mass index
(BMI) was calculated as following: BMI (kg/m?) =
body weight (kg) /height square (m?).

Bone quantity

Both the BMC and BMD are referred to as bone
quantity for convenience. The projected area and the
BMC of lumbar and proximal femur were measured at
the same time by QDR-4500A fan beam DXA bone
densitiometry (equipped with automatic C arm, Ho-
logic company, USA). The BMD was calculated by the
densitiometry itsell with its own software, i.e. BMD=
BMC/area(g/cm?’).

The veracity of this instrument could be indicat-
ed by its coefficient of variation (CV) which could be
expressed as the average t standard deviation ( 7
s ). When the BMD for the ahove region were mea-
sured in 23 normal or abnormal testees at different
time, the ¥ + s was 0.92% +0.42% (0.44% —
1.92%) with 95% confidence interval (Cl) from

0.64% to 1.20% . While the BMD for an artificial
+ 5

lumbar model was measured up to 4 years, its ©
was 0.33% —0.40%.

Statistical analysis

All data were checked and inputted into a PC
and SPSS 10.0 software was employed to conduct
statistical calculation. All testees were grouped based on
their age and each group was in 2 year intervals™>). The
data for all groups were expressed asT * 5 .

Results

Changes of body weight, BMI, BMC and BMD of
the lumbar spine and proximal femur with age

The body weight, BMI, BMC and BMD of
Li_4, latl; 4 and proximal femur of male and female
children and adolescents in different groups by age are
listed in Table 1. As shown in the table, the body
weight of each group increased with age ( P <0.05
or 0.01, except for the male 10-year-old above
group) , while the BMC and BMD of L;_4, latl;_4
and proximal femur gained with body weight ( P <
0.05 or 0.01). Compared with the 6-year-old above
group, the body weight, BMI, BMC of L,_4,
latL; _4 and proximal femur, BMD of L;_4, latl, 4
and proximal femur of the group of between 14 to 15
years old, increased by 129%, 20% , 199% , 236%,
237%, 60%, 58% and 41% respectively in males
and 137%, 33%, 191%, 209%, 175%, 84%,
55% and 42% respectively in females.
The correlation between body weight, BMI and bone
guantity

1) Body weight and BMI were obviously posi-
tively correlated with the BMC and BMD of all bone
tested ( P <0.01 ); 2) Body weight was more cor-
related with BMC and BMD ( » =0.528-0.888, P
<0.01) than BMI ( » =0.479 — 0.634, P <
0.01); 3) Body weight was more correlated with BMC (
r =0.551-0.888. P <0.01) than with BMD ( r =
0.528—10.797, P <0.01); 4) Body weight had the
highest correlation with the BMC of proximal ferur ( »
=0(.888, P <0.01), second higher with that of latl; 4
( » =0.864, P <0.01) and last with that of L;4( »
=0.859, P <0.01).Sce Table 2.
Bone quantity adjusted by body weight (simply ad-
justed bone quantity)

Adjusted bone quantity = bone quantity/body
weight. Adjusted BMC and BMD of L4, latl; 4

and proximal femur of male and female children and
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(together with body weight) gained with age, while
the adjusted BMD of L4, latl;-4 and proximal femur
decreased with age (though body weight increased).

adolescents in different groups by age are listed in
Table 3. It was shown that both male and female ad-
justed BMC of L;_4, latlp—4 and proximal femur

Table 1 Age-related body weight (kg), body mass index (kg/m?), BMC (g),

and BMD (g/em?) of the lumbar spine and proximal femur (z+5)
-1 Age . Body weight . Ly Latl, 4 Proximeal femur
(year) (kg) BMC BMD BEMC BMD BMC BMD
Mae — 6— N 7850 16.4+2.1  15.37+3.21 0.508+0.08 6.00£1.53  0.466=0.069 9.38+2.67  0.603+0.075
8- £ 05473 17.6+29  19.45+3.86 0.54:0.06¢ 7.82+1.4F 0.58:0.06F 12.35+2.87 0.643+0.070
10— 0 3M1£7.1 17.542.6  2.61+3.% 0.58+0.00 09.95+1.8" 0.51=0.07° 15.49+2.5¢ 0.682x0.076
12- 6 46.7HILE  19.1+3.1°  34.33+10.48° 0.695+0.119 15.1645.10° 0.659+0.112° 24.80£7.31° 0.785+0.127
4-15 @ S4+10.6° 19.8+3.1" 45941073 0.81520.116° 20.18+4.5¢ 0.735+0.088 31.66+6.97% 0.851+0.131°
Ferele  6- 4 2L7+4.4 153422 158310 0.54+0.065 5.93+1.27  0.460£0.00 9.2+1.83  0.573+0.065
8- ] 262550 156420  19.16+3.54° 0.56:0.065 7.12+1.54" 0.492+0.066 11.43+2.24>  0.610£0.066
10—~ % %3+6P  17.3+2.2  2.9+6.38" 0.6780.08° 1L0T+2.80° 0.6080.07% 16.79=3.4% 0.700+0.080°
12— 0  44.9+6.% 18.9+2.4  B17:7.420 0.791£0.102° 15.16+3.04 0.664+0.07F 21.69+3.67 0.751+0.102°
14-15 103 51.4+7.6  20.4+3.0°  46.10£7.21° 0.83-0.088 18.33+3.000 0.712£0.000 24.7943.93 0.813+0.095°

Note; T?emnmﬁxmispafmnwdbﬂwemthemnmigh}xm&rgagegrmps“dththemm. a represents P <0.05, and b represents P <0.01

Table 2 Correlation of body weight and BMI with BMC and BMD of lumber spines and proximal femur

Li Lacls-4 Proximal femur

BMC BMD BMC BMD BMC BMD

Body weight 0.859 0.797 (. 864 0.788 ().888 0.782

BMI 0.593 0.59 0.571 0.545 0.620 0.634

Note: The number of the table refers to the coefficient of correlation, all P <0.01
Table 3 Age-related body weight adjusted BMC ( g/kg) and BMD (g/cm® /kg) of the
lumber spine and proximal femur (zts)
Age Li-s Latl, 4 Proximal femur
Sex n

(year) BMC BMD BMC BMD BMC BMD
Male 6— 30 0.650£0.070  0.0218 =0.0027 0.254+0.048  0.0201 £0.0033 0.393+0.068  0.0260+0.0040
8- 42 0.650+0.090  0.0188 £0.0030 0.264+0.048 0.0174=0.0039 0.412+0.069  0.0220+£0.0044
10— 50 0.676+0.117  0.0175£0.0032 0.296+0.050  0.0169 +0.0031 0.463+0.077  0.0207 £0.0039
12— 66 0.733+£0.136  0.0153+0.0025 0.322+0.063  0.0145=0.0024 0.532+0.086 0.0173+0.0032
4= 15 162 0.853+0.170  0.0153£0.0025 0.375+0.072 0.0139£0.0023 0.584+0.090 0.0159 £0.0024
Female 6-— 41 0.741+0.125  0.0253£0.0044 0.277+0.053 0.0216+0.0043 0.421+0.064 0.0274£0.0053
8- 38 0.760+0.109  0.0231+0.0031 0.282+0.053 0.0197£0.0032 0.453+0.070  0.0245+0.0039
10— 46 0.774+0.116  0.0195=0.0025 0.314+0.057 0.0176 £0.0026 0.479+0.072  0.0201£0.0032
12— 69 0.852+0.120 0.0178 £0.0023 0.339+0.054 0.0150x0.0021 0.485+0.060 0.0169 +0.0021
14-15 103  0.908+0.152 0.0174 £0.0024 0.362+0.069 0.0141£0.0022 0.486+0.069 0.0161 +£0.0021
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strength of the bone as well as high BMC always goes

Discussion with heavy body weight. On the contrary adjusted

Body weight is the main source of bone load and
this determines the mechanical strength of the bone.
As a good example, the anti-fracture ability of the
thighbone is in proportion with body weight accord-
ing to some researchers. But as for children and ado-
lescents aged 6 — 15 years, no domestic research has
demonstrated whether BMC or BMD is better.
Nielsen'8! has proposed that BMC and BMD should be
adjusted by body weight when they are applied for di-
agnosis or as risk indexes of fracture, but he doesn’t
provide any detailed proof. Greenspanm believes bone
quantity can stand for 60% — 80% of bone intensity
and is in proportion with body weight. Other investi-
gators have observed that the body weight, total bone
quantity as well as thigh bone quantity of the rat are
obviously positively correlated with the pressure resis-
tant property of centrums'®!. Based on data of 117
young people from 20 to 40 years old, Yang et alt?’
found that adjusted BMC was better than adjusted
BMD for the assessment of mechanical strength of the
bone. Here in this report, it was also found that the
body weight, BMI, BMC and BMD of lumbar and
proximal femur increased with age in children and
adolescents both male and female. Considering that
both body weight and bone quantity increase with
age, this study compared the degree of correlation be-
tween body weight and BMC and BMD of all bone
tested. Results included: 1) Body weight was more
correlated with BMC and BMD of all bone tested than
BMI; 2) Body weight was more correlated with BMC
than with BMD of all bone tested, and among them
BMC of the proximal femur was the first correlated
and that of latL; 4 the second. Since body weight is
highly correlated with BMC, BMC and BMD must be
adjusted by body weight to avoid the influence of
body weight variation. When adjusted by body
weight, BMC of the proximal femur and latl.; -4 en-
hanced with body weight, according with the me-
chanical property of the bone, i.e. high mechanical

BMD of the proximal femur and latl;-4 decreased
when body weight gained, going against the fore-
named principle about the mechanical strength of the
bone. As a conclusion, BMC especial body weight ad-
justed BMC of the proximal femur and latl;—4 is a
better index than BMD for the assessment of mechan-

ical strength of the bone in children and adolescents
aged 6 —15.
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