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Abstract
Data from healthy children are needed to
evaluate bone mineralisation during
childhood. Whole body bone mineral con-
tent (BMC) and bone area were examined
by dual energy x ray absorptiometry
(Hologic 1000/W) in healthy girls (n=201)
and boys (n=142) aged 5–19 years. Centile
curves for bone area for age, BMC for age,
bone area for height, and BMC for bone
area were constructed using the LMS
method. Bone mineral density calculated
as BMC/bone area is not useful in children
as it is significantly influenced by bone
size. Instead, it is proposed that bone
mineralisation is assessed in three steps:
height for age, bone area for height, and
BMC for bone area. These three steps
correspond to three diVerent causes of
reduced bone mass: short bones, narrow
bones, and light bones.
(Arch Dis Child 1997;76:9–15)

Keywords: dual energy x ray absorptiometry; bone min-
eral content.

Osteoporosis is a growing health problem in
Western countries.1–4 It is generally accepted
that those who achieve a higher peak bone mass
are less at risk of having an osteoporotic
fracture later in life.1 5 Recent studies have
shown that peak bone mass can be achieved by
the early 20s, and possibly even earlier in
women.6–9 It is therefore of interest to study the
pattern of bone mineralisation in children.
Several studies have presented normative

data for regional bone mineralisation (wrist or
lumbar spine) in children and adolescents,
measured by single photon absorptiometry or
dual energy x ray absorptiometry (DXA).10–15

The possibility of whole body DXA scanning is
relatively new, and there are only a few studies
in children with data on whole body bone min-
eralisation, some including only girls.6 8 9 15–17 In
the present study we consider whole body min-
eralisation for both girls and boys aged 5–19
years.
Bone mass (bone mineral content, BMC)

depends on both the size and density of skeletal
bone, and a diVerence in BMC may reflect a

diVerence in either bone size or bone density.
However it is not possible to measure true bone
density—DXA measures only the cross sec-
tional area of the scan (bone area) not the bone
volume, and without the bone volume the bone
density cannot be calculated. The index BMC/
bone area is commonly called bone mineral
density (BMD), but it is not a density at all—to
measure this it needs dividing by the (un-
known) bone depth.
A low BMC (adjusted for sex and age) in an

ill person18 19 may be a reflection of a small
skeleton (that is small bone area). It is
important to know whether a small bone area,
or a low BMC corrected for bone area, is the
cause of the low BMC. This leads to the
concept of ‘BMC adjusted for bone area’. In
clinical terms this is more useful than ‘bone
density’, however derived, as it is a measure of
bone mineral that is uncorrelated with bone
area—something which BMD itself is not.20

Here we describe bone mineralisation in
growing individuals in terms of the three com-
ponents: BMC adjusted for bone area (BMC
for bone area), bone area adjusted for height
(bone area for height), and height adjusted for
age (height for age). In non-technical terms
these components can be thought of as ‘light
bones’, ‘narrow bones’, and ‘short bones’,
respectively. Taken in reverse order they
provide a logical sequence of possible explana-
tions for the finding of a low BMC in a patient.
The aim of the present study was to provide

centile curves for bone size and BMC for use in
both research and clinical practice.

Subjects and methods
SUBJECTS

Schoolchildren from five schools in Copenha-
gen participated in the study. A letter of infor-
mation was given to their parents, who
completed an informed consent form before
examination. Adolescents aged 18 years or
older completed the consent form themselves.
The study was approved by the ethics
committee for Copenhagen and Frederiksberg.
Among those who were approached, 219
(27%) of 798 girls and 155 (22%) of 701 boys
agreed to participate. For this analysis, 31 were
excluded because of non-white origin (n=17),
chronic disease (n=8), medication that might
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aVect bone mineralisation (n=2), incomplete
DXA scanning (n=2) or a large metal orna-
ment, that could not be removed, interfering
with the DXA results (n=2). The remaining
201 females (age 4.9–19.3 years) and 142
males (age 5.6–19.1 years) participated in
the study. The sex and age specific medians
and ranges of height and weight are shown in
table 1.

ANTHROPOMETRY

Height and weight were measured before DXA
scanning. Height was determined to the
nearest 1 mm using a stadiometer. Weight was
measured to the nearest 0.1 kg using a digital
electronic instrument. Subjects wore only
pants and a cotton T-shirt when weighed.

BONE MINERAL ASSESSMENT

Whole body BMC measured in g hydroxyapa-
tite and bone size expressed as anterior-
posterior projected bone area measured in cm2

was determined by DXA scanning using a
Hologic 1000/W (Hologic Inc,Waltham,MA).
For analysis, software version 5.61 was used.
Subjects wore only pants and a cotton T-shirt
during the scan. For quality control, spine
phantoms were scanned daily. The coeYcient
of variation for these BMC and bone area
measurements on a spine phantom over a
period of two years (n=358) was 0.37% and
0.28%, respectively. The entrance radiation
dose level was 15 µSv,with an eVective dose not
more than 10 µSv, equal to about one day’s
background radiation in Denmark.

STATISTICAL METHODS

The weight for height and the height for age
distribution of the individuals was compared
graphically with a Danish sex specific
standard.21 The fractions of the data in each of
the six groups delimited by the 10th, 25th,

Table 1 Age, height, and weight according to gender and age group (median, range)

Age group
(years) No Age (year) Height (cm) Weight (kg)

Females <6 2 (4.9,5.8) (120.2,127.4) (24.0,24.2)
6+ 10 6.5 (6.1–7.0) 120.4 (117.1–126.2) 24.0 (19.4–28.0)
7+ 13 7.8 (7.0–8.0) 130.2 (122.1–135.3) 26.5 (23.0–35.3)
8+ 17 8.2 (8.1–9.0) 130.4 (121.3–146.7) 29.3 (20.0–34.5)
9+ 14 9.4 (9.0–9.9) 135.2 (124.5–149.1) 29.2 (24.0–41.7)
10+ 15 10.4 (10.0–11.0) 143.2 (135.0–152.7) 40.4 (27.3–52.8)
11+ 12 11.7 (11.1–11.9) 150.3 (138.1–160.6) 38.1 (29.7–48.8)
12+ 19 12.5 (12.0–12.9) 159.2 (140.9–167.0) 45.0 (31.8–61.2)
13+ 13 13.8 (13.1–14.0) 161.8 (145.0–174.7) 50.7 (33.9–60.3)
14+ 28 14.4 (14.0–15.0) 165.2 (157.1–181.0) 54.6 (44.5–73.4)
15+ 17 15.5 (15.0–16.0) 166.0 (161.2–178.9) 61.3 (45.1–74.0)
16+ 14 16.5 (16.1–16.9) 162.6 (152.3–176.6) 54.7 (47.5–71.5)
17+ 15 17.5 (17.0–17.9) 166.2 (161.6–173.6) 57.9 (49.5–62.8)
18+ 11 18.4 (18.1–19.0) 169.2 (160.2–178.4) 62.9 (52.8–73.5)
19+ 1 19.3 170.4 51.7

Males <6 1 5.6 121.9 22.9
6+ 21 6.6 (6.0–7.0) 123.8 (110.0–131.9) 23.0 (17.8–35.8)
7+ 7 7.7 (7.0–7.9) 132.0 (125.2–136.0) 30.1 (24.1–33.7)
8+ 12 8.6 (8.3–9.0) 131.6 (125.1–142.0) 25.9 (22.8–44.4)
9+ 9 9.3 (9.0–10.0) 137.9 (129.9–146.3) 31.4 (23.9–37.8)
10+ 9 10.5 (10.1–10.9) 143.5 (131.0–151.7) 37.0 (27.7–46.4)
11+ 15 11.4 (11.1–12.0) 150.9 (142.7–158.2) 37.5 (32.6–56.1)
12+ 15 12.5 (12.0–12.9) 156.9 (132.3–174.8) 45.6 (29.5–57.4)
13+ 7 13.4 (13.0–13.9) 154.6 (147.6–169.5) 39.4 (36.7–52.5)
14+ 18 14.6 (14.0–14.9) 171.8 (156.0–184.0) 58.1 (34.2–77.9)
15+ 4 15.4 (15.0–15.8) 170.1 (164.0–185.0) 64.0 (54.6–65.7)
16+ 2 (16.2,16.8) (182.3,184.1) (71.3,78.3)
17+ 13 17.6 (17.1–17.7) 180.3 (170.1–191.6) 69.2 (60.7–78.9)
18+ 8 18.2 (18.0–18.7) 175.8 (173.6–190.2) 66.5 (60.0–81.2)
19+ 1 19.1 176.9 62.6

Table 2 Bone area for age. Estimated mean and SD for
bone area (cm2) by sex and age. The mean and SD are
estimated for each sex by the LMS method (see methods)

Age (years) Mean (SD) girls Mean (SD) boys

6.5 849 (143) 829 (156)
7.0 903 (148) 897 (164)
7.5 958 (153) 960 (171)
8.0 1013 (157) 1019 (176)
8.5 1071 (161) 1075 (179)
9.0 1131 (165) 1130 (183)
9.5 1195 (169) 1190 (186)
10.0 1263 (173) 1255 (190)
10.5 1332 (176) 1325 (193)
11.0 1404 (180) 1397 (196)
11.5 1479 (182) 1470 (199)
12.0 1556 (185) 1543 (200)
12.5 1637 (187) 1616 (201)
13.0 1719 (189) 1691 (202)
13.5 1802 (190) 1771 (202)
14.0 1880 (190) 1856 (201)
14.5 1947 (187) 1941 (200)
15.0 1998 (183) 2021 (198)
15.5 2032 (177) 2093 (194)
16.0 2050 (170) 2156 (188)
16.5 2058 (161) 2208 (181)
17.0 2062 (152) 2254 (173)
17.5 2067 (143) 2287 (163)
18.0 2074 (134) 2313 (153)
18.5 2083 (125) 2335 (142)

Figure 1 Centile curves for whole body bone area
according to age in girls (A) and boys (B). The solid
curves are the median and the 3rd and 97th centiles of the
normal distribution with mean and SD as shown in table 2.
The dotted lines show the interquartile ranges. The median
and outer centiles for girls (dashed lines) and boys (solid
lines) are shown together in (C).
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50th, 75th, and 90th centile in the weight for
height standard were compared with the theo-
retical probabilities by a ÷2 test with five
degrees of freedom. The height for age SD
score (Z score) was symmetrically distributed
when plotted against age in both sexes (data
not shown) and the sex dependent overall
mean and SD of the Z scores were calculated.
Smooth cross sectional centile curves for

bone area and BMC versus age, bone area ver-
sus height, and BMC versus bone area were
derived using the LMSmethod.22 This summa-
rises the distribution of the dependent variable
given the covariate by a Box-Cox power (L)
depending on the skewness of the distribution,
the median (M), and coeYcient of variation (S)
giving smooth curves for the dependence of L,
M, and S on the covariate. The present data
seemed to be fairly symmetrically distributed
given the value of the covariate. Therefore, the
value of L was fixed to 1 corresponding to the
normal distribution, while the curves of M and
S were estimated. The Z score of an observed
value of for example, BMC may be calculated
in the usual way as Z = (BMC-mean)/SD using

Table 3 BMC for age. Estimated mean and SD for BMC
(g) by sex and age. The mean and SD are estimated for
each sex by the LMS method (see methods)

Age (years) Mean (SD) girls Mean (SD) boys

6.5 616 (144) 611 (138)
7.0 669 (152) 674 (149)
7.5 722 (161) 735 (160)
8.0 777 (169) 794 (169)
8.5 834 (177) 851 (178)
9.0 896 (185) 909 (187)
9.5 964 (194) 971 (195)
10.0 1038 (204) 1037 (205)
10.5 1118 (213) 1109 (214)
11.0 1203 (223) 1186 (224)
11.5 1295 (234) 1268 (234)
12.0 1396 (245) 1354 (245)
12.5 1505 (256) 1445 (255)
13.0 1622 (267) 1540 (266)
13.5 1741 (278) 1641 (277)
14.0 1857 (286) 1747 (288)
14.5 1960 (292) 1856 (298)
15.0 2043 (294) 1965 (308)
15.5 2103 (291) 2075 (316)
16.0 2142 (285) 2183 (324)
16.5 2166 (277) 2290 (330)
17.0 2183 (268) 2395 (336)
17.5 2199 (258) 2498 (340)
18.0 2218 (249) 2598 (343)
18.5 2238 (240) 2698 (345)

Figure 2 Centile curves for whole body BMC according to
age in girls (A) and boys (B).The solid curves are the
median and the 3rd and 97th centiles of the normal
distribution with mean and SD as shown in table 3. The
dotted lines show the interquartile ranges. The median and
outer centiles for girls (dashed lines) and boys (solid lines)
are shown together in (C).
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the mean (mean = M) and SD (SD = M*S)
based on the estimated M and S curves. The
ranges of the covariates were reduced in order
to eliminate edge eVects due to single extreme
values. Thus we considered the age interval
6–19 years (both sexes), height intervals
120–181 cm (girls) and 120–190 cm (boys),
and bone area intervals 700–2400 cm2 (girls)
and 700–2500 cm2 (boys).
To test whether BMD calculated as BMC/

bone area provides an adequate correction of
BMC for bone area, the regression coeYcients
of BMC on bone area (both log transformed),
were compared to 1 by Wald’s test. Confidence
intervals for parameter estimates were based on
Wald’s test.

Results
Both girls and boys were heavier for height and
heigher for age than the present Danish stand-
ards based on data from 1974.21 The numbers
of individuals in each of the six groups
delimited by the 10th, 25th, 50th, 75th, 90th
centile in the weight for height standard were
18, 21, 37, 46, 48, 31 and 15, 22, 32, 33, 20, 20,
for girls and boys, respectively. The diVerence
from the expected distribution was significant
for the girls (÷2(5) = 23.3, p<0.001) but not the
boys (÷2(5) = 3.0, p>0.2). The mean (SD) of
the height for age Z scores was 0.35 (0.99) for
girls and 0.45 (1.04) for boys, both signifi-
cantly diVerent from zero (both p<0.001).
The sex specific age dependent centile

curves for bone area (fig 1) and BMC (fig 2)
showed a large variation around the median.
The curves were very similar for the two sexes
from 6 to 11 years of age for both bone area (fig
1C) and BMC (fig 2C). From 11 to 15 years of

age the BMC for age curves were slightly
higher for the girls than for the boys (fig 2C).
However, the main sex diVerence was an earlier
flattening of the girls’ curves around the age of
15 years for both bone area (fig 1C) and BMC
(fig 2C). The bone area and BMC curves were
of similar shape except that bone area was flat-
ter at the top end. Thus there was a distinct
flattening of the bone area curve for boys after
the age of 16 years, whereas for BMC the
deflection was less evident. At 18.5 years, the
median bone area was 12% higher in boys than
in girls (2335 cm2 v 2083 cm2), and the median
BMC was 21% higher in boys than in girls
(2698 g v 2238 g). The estimated mean and
SD values by sex and age appear in table 2 for
bone area and in table 3 for BMC.
The sex specific height dependent centile

curves for bone area (fig 3) showed that bone
area was much closer associated with height
than with age for both girls (figs 1A and 3A)
and boys (figs 1B and 3B). Bone area for height
was higher in girls than boys (fig 3C). Table 4

Table 4 Bone area for height. Estimated mean and SD for
bone area (cm2) by sex and height. The mean and SD are
estimated for each sex by the LMS method (see methods)

Height (cm) Mean (SD) girls Mean (SD) boys

122 847 (97) 806 (78)
124 891 (100) 853 (81)
126 935 (103) 900 (85)
128 979 (106) 947 (88)
130 1025 (109) 994 (91)
132 1071 (112) 1041 (94)
134 1117 (115) 1088 (97)
136 1165 (117) 1136 (100)
138 1213 (120) 1183 (102)
140 1263 (123) 1230 (105)
142 1314 (125) 1278 (107)
144 1365 (127) 1325 (110)
146 1418 (129) 1373 (112)
148 1472 (131) 1421 (114)
150 1527 (133) 1470 (116)
152 1582 (135) 1519 (118)
154 1638 (137) 1568 (120)
156 1695 (138) 1618 (122)
158 1752 (140) 1668 (123)
160 1810 (141) 1719 (125)
162 1867 (142) 1771 (126)
164 1924 (142) 1822 (128)
166 1981 (143) 1874 (129)
168 2038 (143) 1926 (130)
170 2095 (143) 1979 (131)
172 2152 (142) 2031 (132)
174 2209 (142) 2083 (133)
176 2266 (141) 2136 (133)
178 2323 (140) 2188 (134)
180 2379 (139) 2240 (134)
182 2292 (134)
184 2343 (134)
186 2395 (134)
188 2447 (134)

Figure 4 Centile curves for whole body BMC according to
bone area in girls (A) and boys (B). The solid curves are
the median and the 3rd and 97th centiles of the normal
distribution with mean and SD as shown in table 5. The
dotted lines show the interquartile ranges. The median and
outer centiles for girls (dashed lines) and boys (solid lines)
are shown together in (C).
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shows the estimated mean and SD values for
bone area for height by sex.
The sex specific bone area dependent centile

curves for BMC (fig 4) showed a very close
association between BMC and bone area for
both girls and boys, especially for the smaller
values of bone area. For bone area above 1500
cm2, BMC for bone area was higher for girls
than boys (fig 4C). Table 5 shows the estimated
mean and SD values of BMC for bone area by
sex.
The regression coeYcient of BMC on bone

area was 1.43 (95% confidence interval (CI)
1.41 to 1.46) for the girls and 1.37 (95% CI
1.34 to 1.40) for the boys.

Discussion
We have presented centile curves of whole body
bone area and whole body BMC for healthy
school age children. We have chosen not to use
BMD calculated as BMC/bone area because
BMD measured with anterior-posterior oste-
odensitometry represents a mixture of true
density and skeletal size.20 23 24 Note that the
regression coeYcient for log transformed
BMC on log transformed bone area may be
interpreted as a power for bone area. In the
present data, the regression coeYcient was
highly significantly diVerent from 1, indicating
that the use of BMD would only partially
adjust for bone area.
We suggest that our data are used as a refer-

ence for assessing bones of children for clinical
or research purposes. To our knowledge it is
the most comprehensive data on whole body
measurements available at present, but there
are some limitations to the use of this data set
as a reference. Due to the limited number of

children in each age and sex group, we cannot
evaluate the tail probabilities of the distribu-
tions, indicated by the outer centiles in figs 1–4.
Only 25% of the children approached agreed to
participate. We have no data to compare the
social background of participating and non-
participating children, but it is our impression
that there were no major diVerences. In a study
that also measured weight and body composi-
tion, we had expected that overweight children
would be less inclined to participate, that is that
overweight children would be under-
represented. The weight for height distribution
indicated that this was probably not the case.
The children were heigher for age and heavier
for height compared with the reference data of
Andersen et al,21 in accordance with the general
pattern that both the height of children and the
number of overweight children has increased in
Scandinavia.25–27 The sex specific height for age
and weight for height standards of Andersen et
al are 20 years old, but they are the only Dan-
ish standards available.
Three studies have previously reported data

on children’s whole body BMC measured with
the Hologic 1000/W. Lloyd et al found a
median BMC of 1218 g (range 799–2083 g)
and an average BMC of 1276 g (SEM 26 g) in
American girls whose median age was 11.9
years (range 10.7–13.3 years).28 Considering
the girls of the same age range in our data
(median age 12.2 years), the median BMC was
1300 g (range 779–2080 g), and the average
BMC was 1352 g (SEM 46 g). The diVerence
in average BMC was not significant, and the
direction was in accordance with the slightly
higher median age in our data. Faulkner et al
published data for whole body BMC in Cana-
dian girls and boys aged 8–16 years.16 Our age
specific averages of whole body BMC were
within 267 g below and 173 g above the average
values of Faulkner et al, with no systematic age
dependent diVerence, and the individual diVer-
ences were not significant (Wald’s test with
Bonferroni correction). Hannan et al reported
regression models for the dependence of BMC
on age alone and on age, height, and weight
simultaneously in 11–18 year old Scottish
girls.17 We have re-estimated the coeYcients in
their regression models based on those of our
girls aged 11–18 years who were within the
ranges of height, weight, and body mass index
of their data (n=115). For the model consisting
only of a second degree polynomial in age, our
coeYcients were not significantly diVerent
from those of Hannan et al, whereas for the
model including weight and height, the two sets
of coeYcients were significantly diVerent. Thus
the relation between BMC and age may not be
very diVerent between countries, partly be-
cause of the large variation in BMC at each age.
The lower trend in whole body BMC with

age in girls during the years after puberty in our
study corresponded with other cross sectional
studies of whole body BMC6 8 17 and lumbar
BMC.7 It has previously been shown that lum-
bar BMC (L2–L4) in boys, in contrast to girls,
continues to rise after puberty.7 29 In a cross
sectional study (age 4–26 years), Ogle et al
found that whole body BMC increased until

Table 5 BMC for bone area. Estimated mean and SD for
BMC (g) by sex and bone area. The mean and SD are
estimated for each sex by the LMS method (see methods)

Bone area (cm2) Mean (SD) girls Mean (SD) boys

750 530 (22) 530 (12)
800 575 (24) 577 (14)
850 621 (26) 625 (16)
900 667 (28) 672 (18)
950 713 (30) 719 (20)
1000 761 (33) 767 (22)
1050 810 (35) 817 (25)
1100 861 (38) 869 (27)
1150 913 (41) 922 (30)
1200 965 (43) 976 (33)
1250 1019 (46) 1029 (36)
1300 1073 (49) 1080 (40)
1350 1128 (52) 1131 (43)
1400 1184 (56) 1182 (46)
1450 1242 (59) 1233 (50)
1500 1303 (62) 1286 (54)
1550 1367 (66) 1341 (58)
1600 1435 (70) 1399 (62)
1650 1506 (74) 1458 (67)
1700 1580 (79) 1521 (72)
1750 1657 (83) 1585 (77)
1800 1737 (88) 1653 (82)
1850 1818 (93) 1724 (88)
1900 1900 (98) 1798 (94)
1950 1982 (103) 1875 (101)
2000 2064 (108) 1955 (108)
2050 2145 (114) 2039 (115)
2100 2224 (119) 2127 (123)
2150 2303 (124) 2217 (131)
2200 2381 (130) 2309 (139)
2250 2459 (135) 2402 (148)
2300 2536 (140) 2497 (157)
2350 2613 (146) 2591 (166)
2400 2686 (176)
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the late teens with a flattening after 17.4 years
in males while peak BMC was attained at 15.7
years in females.8 This is in agreement with our
results for girls, while the flattening for boys
was less clear, possibly because of our narrower
age range. In a cross sectional study,Mosekilde
found sex diVerences in vertebral bone growth
in adults, as men but not women have a
continued periostal bone growth.29 The modest
increase in BMC after puberty in girls indicates
that prepuberty and puberty, especially in girls,
are important periods for achieving optimal
peak bone mass.
Bonjour et al have previously published data

on lumbar bone area by age in boys and girls
aged 9–18 years.30 To our knowledge, data on
whole body bone area have not been published
previously. The pattern of bone area by age was
similar to that of BMC in both girls and boys,
except for a more pronounced levelling oV of
the bone area curves after puberty. Apparently,
bone area peaks earlier than BMC in both girls
and boys. The narrowing of the centiles for
higher ages for girls may be an artifact due to
edge eVects.
The BMC for bone area curves were fairly

similar for the two sexes, with little variation in
BMC for given bone area. Thus it seems that
the diVerences in BMC in these healthy
children to a large extent is due to diVerences
in bone size.
In clinical paediatric practice, it is insuY-

cient to express BMC according to age alone,
both because of the considerable variation in
bone and body size for a given age, and because
chronic disease aVecting bone mineralisation
often aVects body and bone size as well. Several
studies have shown that it is unsatisfactory and
might lead to misinterpretation if BMC is
expressed according to age only. Atkinson et al
found that preterm infants had lower BMC
growth than term infants at the same
gestational age, but when corrected for weight,
there was no diVerence.31 Issenman et al found
that bone density (radius) in children with
Crohn’s disease was less abnormal when com-
pared with height matched references than
when compared with age matched references.32

Young et al found a lower bone density in the
arm in both ballet dancers and girls with ano-
rexia compared with normal girls of the same
age, but the diVerence disappeared when they
corrected for weight.33 Russell-Aulet et al found
that the diVerence in BMC between white and
Asian women could be explained by body
size.34

The centile curves presented here can be
used to validate whether a reduced whole body
BMC is primarily due to a reduction in bone
size or primarily due to a reduction in size
adjusted BMC. A reduced bone mass may be
due to short bones, narrow bones, or light
bones, possibly with diVerent health implica-
tions. We, therefore, recommend that evalua-
tion of whole body BMC for children be sepa-
rated into three parts as outlined in the
appendix: (1) Is the child’s height appropriate
for age? (‘short bones’); (2) Is the bone size
(bone area) appropriate for height? (‘narrow
bones’); (3) Is the BMC appropriate for bone

area? (‘light bones’). For daily clinical use, an
individual may be plotted on centile charts like
figs 1–4. Single copies of large centile charts
may be obtained from the authors. If a more
accurate centile or Z score is required, the Z
score may be calculated in the usual way using
the estimated mean and SD values presented in
tables 2–5. An example of calculation of Z
scores and centiles is presented in the appen-
dix, evaluating the BMC of a young man with
galactosaemia and a girl with myositis treated
with corticosteroid. Note, the latter example
shows that a normal BMC for age does not
preclude an abnormally low BMC for bone
area, if the bone size of the individual is above
average.
In conclusion, BMC depends on bone

length, bone width, and bone density. The
health implication of a reduced value is likely to
depend on which of the three factors is respon-
sible for the reduction. Therefore, it may be
valuable to distinguish between these three
factors, both when bone mass is assessed, and
when the eVect on BMC of some independent
variables like nutrition, physical activity, etc is
examined.

Appendix
Examples of calculation of Z scores:

EXAMPLE 1:
Male with galactosaemia age 18.5 years, height
164.9 cm, weight 57 kg, BMC 1916 g, and
bone area 1977 cm2.
BMC for age: M and SD values for age 18.5

years in table 3: M=2698 g, SD=345. Z =
(1916-2698)/345 = -2.27 corresponding to the
1st centile in a standard normal distribution.
Height for age: Calculated from the reference

data of Andersen et al21 : Z= -2.26 correspond-
ing to the 1.2th centile in a standard normal
distribution.
Bone area for height: M, and SD values for

height 164.9 cm are calculated by linear inter-
polation from values in table 4: M = 1845 g,
SD=128.5. Z = (1977-1845)/128.5 = 1.03
corresponding to the 85th centile.
BMC for bone area: M and SD values for

bone area 1977 cm2 are calculated by linear
interpolation from values in table 5: M = 1918
g, SD=105. Z = (1916-1918)/105 = -0.02 cor-
responding to the 49th centile.
Conclusion: The man with galactosaemia has

an abnormally low whole body BMC for age,
but this is due mainly to a reduced height.

EXAMPLE 2:
Girl with a corticosteroid treated myositis age
12.6 years, height 148.8 cm, BMC 1266 g, and
bone area 1641 cm2.
BMC for age: M and SD values for age 12.6

years are calculated by linear interpolation
from values in table 3: M=1528 g, SD=258. Z
= (1266-1528)/258 = -1.02 corresponding to
the 15th centile in a standard normal distribu-
tion.
Height for age: Calculated from the reference

data of Andersen et al21 : Z= -0.75 cor-
responding to the 23th centile in a standard
normal distribution.
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Bone area for height: M and SD values for
height 148.8 cm are calculated by linear inter-
polation from values in table 4: M = 1494 cm2,
SD=132. Z = (1641-1494)/132 = 1.11 cor-
responding to the 87th centile.
BMC for bone area: M and SD values for

bone area 1641 cm2 are calculated by linear
interpolation from values in table 5: M =1493
g, SD=73. Z = (1266-1493)/73= -3.11 cor-
responding to the 0.1th centile.
Conclusion: The girl has an abnormally low

BMC for bone area, but because she has wide
bones BMC for age is within the normal range.
The low BMC for bone area might be a conse-
quence of the corticosteroid treatment.
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