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Abstract
Introduction We evaluate reference data to examine wheth-
er there are sex-, age-, height-, weight- and BMI-related
differences of quantitative ultrasound parameters (QUS) for
healthy Chinese children and adolescents.
Methods A total of 726 healthy children and adolescents
(360 male and 366 female) aged from 10–21 years were
examined with a Lunar Achilles Express densitometer. The
measurements on the right heel included speed of sound
(SOS), broadband ultrasound attenuation (BUA), and a
calculated stiffness index (SI).
Results Our results found that there were no significant
differences for BUA, SOS and SI between males and
females, except in the age range of 12 to 13 years. The
values of all parameters were significantly higher in the 12-
year-old females compared to males, and BUA values were
significantly higher in 13-year-old females compared to
males. A spurt in QUS parameters were observed at
12 years in females and at 14 years in males. A steady
increase of BUA, SOS, and SI was seen with increasing
body height and weight in both sexes.
Conclusion In conclusion, the present results can be used
as reference data for children and adolescents in China.

Keywords Broadband ultrasound attenuation . Calcaneus .

Quantitative ultrasound . Speed of sound . Stiffness index

Introduction

In the past, the bone status in adults received much
attention. The evaluation of bone status is usually
performed by dual-energy X-ray absorptiometry (DXA) or
quantitative ultrasound (QUS). Due to its radiation-free,
low-cost, simple, and portable advantages, QUS is more
adaptable to large-scale survey. Until recently, normal
calcaneal QUS of adults has already been determined and
used in screening for osteoporosis and for evaluation of
fracture risk. However, less attention has been paid to the
analysis of developing bone during growth in childhood.
Assessing the bone health of children is becoming
increasingly important because the attainment of a high
peak bone mass seems to decrease the risk of osteoporosis
later in life [1, 2]. In addition, the assessment of skeletal
development status in children and adolescents has impor-
tant clinical implications. Various congenital or acquired
diseases influence the bone development in childhood and
adolescence. It is necessary to diagnose alterations of bone
for an optimal therapy and its control. Thus, there is
increasing interest in assessing the bone health of youths.

Although the physical size of the calcaneus relative to the
ultrasound beam diameter is an important factor influencing
the precision of bone mass measurements due to the
immaturity of bone development in children, the adjusted
midregion of the calcaneus relative to the device could decrease
this influence [3–7]. And many cross-sectional and longitudi-
nal studies supported the validity of using QUS to assess bone
health in youths [1, 2, 8–16]. Therefore, this method might be
a good alternative to assess bone density in growing children.
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Up to now, a number of studies in the USA and Europe
have established the reference data on QUS variables in
children and adolescents despite different measurement
regions such as calcaneus, phalanx, or tibia [5, 10, 17,
18]. To our knowledge, however, there have been very few
such studies in Chinese children and adolescents [19, 20]
and no standard values have been established in mainland
Chinese children and adolescents. Thus, the purpose of this
study is to establish the reference ranges for calcaneal QUS
parameters in 10 to 21-year-old Chinese children and
adolescents and to examine the possible differences related
to sex, age, height, and weight.

Subjects and methods

Subjects

A total number of 726 (360 male and 366 female) healthy
Chinese children and adolescents aged 10–21 years
participated in this study. The subjects were randomly
recruited from local elementary and high schools in three
provinces of China: Zhejiang, Guangxi, and Hebei, from
August 2003 to September 2004. An extensive clinical
history was obtained from parents and the subjects, none
of the participants were taking medications or had any
diseases affecting bone metabolism. Written informed
consent was obtained from all participants and from
parents of subjects under 18 years of age, and the study
was approved by the Ethics Committee of Peking Union
Medical College. The headmaster and the teachers of the
enrolled schools approved the study. The subjects were
divided into groups by age, height, and body weight
(Tables 1, 2, and 3).

Anthropometric measurements

Data concerning sex, age, height, and weight were
collected. Height of the children and adolescents was
measured with the same portable stadiometer and body
weight was measured with the same electronic scale, with
the subjects in underwear and without shoes. The sta-
diometer and the electronic scale were calibrated daily
before the measurements in order to decrease measurement
errors. The height of each subject, measured to the nearest
0.1 cm, and weight was recorded to the nearest 0.1 kg.
Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m2).

Quantitative ultrasound measurements

Calcaneal QUS variables were measured with the Lunar
Achilles ultrasonometer (GE Healthcare, Madison, WI,

USA) according to the manufacture’s instructions. The
Achilles densitometer has been shown to provide good
precision in adults and youths [5, 7, 21, 22]. It measures
broadband ultrasound attenuation (BUA) (decibels/mega-
hertz) and speed of sound (SOS) (meters/second). A third
parameter, the stiffness index (SI), derived for BUA and
SOS , was calculated automatically in the Achilles system
according to the following equation: SI ¼ 0:67� BUAð Þþ
0:28� SOSð Þ � 420. The calculated SI parameter normal-
izes the BUA and SOS measurements [23]. For measure-
ment, the right heel was placed in the measurement
chamber with the lid as a calf support. The midregion of
the calcaneus relative to the transducers was adjusted by
placing none to three shims under the foot, as previously
described [4–6]. The foot was positioned using a special
positioning procedure. For quality control, a heel phantom
provided by the manufacturer was scanned daily prior to
the measurements. Two trained operators performed all the
measurements. The coefficients of variation (CVs) for
within-day measurements have previously been reported
to be 1.8% for BUA, 0.3% for SOS, and 1.9% for SI. The
CVs for between-day measurements were 0.6, 1.8, and
3.2% for these parameters, respectively [10].

Statistical analysis

The results are expressed as the mean±standard deviation
(SD). Data management and analyses were performed
using the software package SPSS for windows software
programs version 11.0 (Statistical Package for Social
Sciences, SPSS 11.0, Inc., Chicago, Illinois, USA). A
linear regression model and Pearson’s correlation co-
efficients were calculated to examine the relations between
the ultrasound parameters and age, height, weight, and
BMI. Comparisons between various age groups were by
ANOVA. The differences were considered statistically
significant for p<0.05.

Results

Basic characteristics of the study population

The heights and weights of the subjects were collected as
basic data. Table 1 shows the descriptive characteristics of
the study subjects and the comparisons between age, height,
weight, and BMI. The overall age mean was 15.0±3.0 years
(15.0±3.0 for males and 15.0±3.1 for females), with no
statistical differences between the two groups. The males
were heavier (51.6±12.2 kg versus 47.0±8.5 kg) and taller
(162.1±12.4 cm versus 155.6±7.2 cm) than females
(p=0.000 in both cases). BMI was similar, with no statistical
differences between males and females (19.3±2.6 kg/m2
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versus 19.3±2.6 kg/m2). There were progressive increases in
height, weight, and BMI for both sexes with age. The peak
height velocity (PHV; cm/year) occurred at 13 years in males
and at 11 years in females. The peak weight velocity (PWV;
kg/year) occurred at 13–14 years in males and at 12 years in
females. Females were significantly taller than males at the
age of 11. While for subjects over age 14, males were
significantly taller and heavier than females.

QUS parameters in relation to age, sex, height, weight,
and BMI

The three parameters (BUA, SOS, and SI) all increased
with age throughout childhood and adolescence and
reached a plateau by age 17–18 and 19–20 for males and
females, respectively. After the plateau, there was a decline
trend in both sexes. A spurt in QUS parameters was

Table 1 Growth variables and QUS parameters of healthy Chinese children and adolescents in relation to age (mean±SD)

Age (years) n Height (cm) Weight (kg) BMI (kg/m2) BUA (dB/MHz) SOS (m/s) SI

Males
10–11 18 141.6±4.9 36.9±6.4 18.3±2.6 94.6±6.2 1558.6±24.8 79.4±7.8
11–12 32 144.7±6.8 36.5±6.0 17.3±1.9 99.9±13.1 1563.4±26.8 84.2±13.7
12–13 41 150.8±10.5 40.5±8.8 17.6±2.4 98.3±9.3 1553.8±31.3 80.5±12.6
13–14 29 157.4±9.5 47.3±10.6 18.9±3.1 101.9±9.2 1569.3±30.5 87.2±11.4
14–15 43 164.7±9.1 54.1±10.2 19.8±2.8 109.3±12.1 1570.8±35.9 92.6±15.6
15–16 40 167.6±6.7 55.7±10.6 19.7±2.7 110.1±13.5 1562.3±52.7 90.7±19.3
16–17 41 168.4±6.8 57.2±7.5 20.1±2.0 112.6±16.8 1580.2±41.5 97.3±20.4
17–18 33 170.0±6.8 57.1±7.3 19.7±2.0 119.5±17.1 1600.9±38.6 107.7±18.0
18–19 36 169.0±8.1 57.8±8.0 20.2±1.5 119.6±15.0 1588.3±39.0 104.3±19.0
19–20 15 170.7±6.5 58.3±6.5 20.0±1.7 117.3±16.0 1575.4±56.8 99.1±20.1
20–21 18 172.0±6.2 62.9±13.0 21.2±3.4 115.1±9.7 1571.3±62.5 96.6±21.7
21–22 14 169.8±7.3 59.4±10.4 20.6±3.3 110.9±22.5 1578.4±65.6 95.7±25.8
All 360 162.1±12.4 51.6±12.2 19.4±2.7 109.0±15.6 1572.6±42.9 92.8±19.1
Females
10–11 21 142.3±5.7 35.0±5.9 17.2±2.1 96.8±13.1 1561.9±20.6 81.7±12.7
11–12 33 148.7±6.32* 37.6±7.0 16.9±2.2 98.3±16.8 1563.6±35.9 83.2±18.6
12–13 29 153.3±7.6 44.5±10.8 18.8±3.5 108.3±15.8** 1571.4±23.9* 92.0±14.6*
13–14 47 157.2±5.4 45.1±7.7 18.2±2.4 108.8±16.8* 1576.8±39.1 93.8±18.8
14–15 44 157.9±5.8** 47.3±6.5** 18.9±2.3 111.9±13.4 1568.5±30.0 93.6±15.1
15–16 29 157.0±6.1** 50.3±6.6* 20.4±2.2 113.4±14.0 1579.2±38.8 97.6±15.2
16–17 40 157.4±5.9** 50.1±6.1** 20.2±2.1 110.2±19.8 1582.5±46.9 96.4±18.0
17–18 43 157.7±5.9** 50.7±5.8** 20.4±2.0 112.5±14.6 1591.9±43.4 100.5±17.0
18–19 27 158.6±5.0** 51.8±6.4* 20.6±2.2 113.3±18.9 1583.8±52.6 98.8±22.8
19–20 18 158.4±6.0** 53.9±7.6 21.4±2.0* 118.4±14.1 1592.5±26.9 104.6±15.2
20–21 13 155.6±6.0** 48.8±5.9** 20.1±2.1 118.6±16.0 1583.2±35.2 102.2±17.0
21–22 22 158.0±5.6** 49.0±4.3* 19.6±1.7 113.9±13.9 1578.3±34.9 97.7±17.2
Total 366 155.6±7.2 47.0±8.5 19.3±2.6 109.9±16.7 1577.5±38.4 94.8±18.0

*p<0.05, **p<0.001, compared to age matched opposite gender group

Table 2 QUS parameters of both sexes in relation to height (mean±SD)

Height (cm) Males Females

n BUA (dB/MHz) SOS (m/s) SI n BUA (dB/MHz) SOS (m/s) SI

130–139 18 93.3±7.7 1555.3±17.3 77.6±7.1 11 95.3±10.2 1566.9±17.3 82.1±10.4
140–149 53 99.6±9.7 1565.2±24.8 84.5±11.6 53 102.4±17.4 1568.6±31.4 87.3±17.6
150–159 56 104.3±13.0a 1567.5±36.2 88.3±15.9a 200 110.2±16.4*ab 1580.8±39.5* 95.9±17.6*b

160–169 115 113.0±16.2ab 1578.1±47.1a 97.0±20.5ab 94 115.0±15.5a 1578.0±41.9 98.3±18.6a

170–179 102 113.6±15.0a 1574.9±51.8 96.5±20.6a 8 113.0±13.5 1563.8±11.6 93.1±10.5
≥180 16 116.7±17.9a 1581.0±28.7 100.3±17.4a

*p<0.05, compared to age matched opposite gender group
a p< 0.01, compared to the first group
b p<0.01, compared to the former group
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observed at 12 years in females and at 14 years in males.
The linear regression showed the mean increasing rates of
the three QUS values for young males were 2.315 dB/
MHz/year for BUA, 2.962 m/s/year for SOS and 2.366/yr
for SI, respectively. And those of young females were
1.552 dB/MHz/year for BUA, 2.340 m/s/year for SOS and
1.684/year for SI, respectively. The total age-related
increase between 10 and 21 years was 26.9% for BUA,
2.1% for SOS, 32.8% for SI in young males; 17.6% for
BUA, 1.6% for SOS, 22.7% for SI in young females. The
increases of three QUS values in males were significantly
higher than females.

All parameters were significantly higher in the 12-year-
old females than in males at the same age and BUA values
were significantly higher in 13-year-old females than in
males. In the other age groups, there were no significant
differences for BUA, SOS, and SI between males and
females (Table 1). A steady increase of BUA, SOS, and SI
was seen with increasing body height in both sexes. The
values of all parameters were significantly higher in
females than in males in the 150–159 cm groups in height
(Table 2). A steady increase of BUA, SOS, and SI was seen
with increasing body weight in both sexes. BUA and SI
values were significantly higher in females than in males in
the 40–49 kg group (Table 3).

Distributions and curve-fitting models of QUS parameters

Figures 1 and 2 display scatter distributions and curve-
fitting models of age-related QUS parameters in male and
female children and adolescents, respectively. We adopted
linear, logarithmic, quadratic, cubic, compound, power,
growth, and exponential regression models to concurrently
determine age-related QUS variations. We found that the
quadratic or cubic regression model fit best, i.e., R2 was
consistently maximized.

Relationship between QUS and age, height, weight,
and BMI

Correlation analysis showed significant relationships be-
tween measured QUS variables. Although the correlation
coefficient between BUA and SOS was low (r=0.405),
there was still statistic significance (p=0.000).

Associations between the subjects’ basic data (age,
height, weight, and BMI) for both sexes and the three
QUS parameters were examined by Pearson correlations
(Table 4). Three QUS parameters correlated positively with
age, height, weight, and BMI except that SOS did not
correlate with weight and BMI for males, and SOS with
height for females. The stepwise multiple linear regression
analyses (Table 5) showed height and BMI were less
important factors for QUS in both males and females. For
both sexes, SOS was significantly dependent only on age.
SI for males was also a function of age. BUA for both sexes
and SI for females were both dependent on age and weight.

Discussion

The calcaneus is the commonest skeletal site of ultra-
sonometry since there is only a thin soft tissue (relatively
consistent) covering the bone and this bone is a more than
90% trabecular, which has a high metabolic activity and is
more responsive to age-, disease-, or therapy-induced bone
alterations than cortical bone [9]. Furthermore, it is easily
accessible. The most commonly measured calcaneus QUS
parameters are BUA, SOS, and SI. It has been proposed
that BUA is determined predominantly by the scatter of
sound waves and reflects the spatial orientation of the bone
trabeculae where the value increases with greater trabecular
complexity [22]. SOS, on the other hand, is related to the
ultrasound velocity, assuming a constant heel stiffness [24].

Table 3 QUS parameters of both sexes in relation to weight (mean±SD)

Weight (kg) Males Females

n BUA (dB/MHz) SOS (m/s) SI n BUA (dB/MHz) SOS (m/s) SI

20–29 6 89.2±5.4 1543.8±12.7 71.6±4.3 7 96.3±17.9 1547.4±48.3 77.3±19.6
30–39 67 99.1±10.1 1563.8±22.2 83.8±11.0a 53 99.6±16.8 1568.2±24.2 85.4±16.3
40–49 70 104.4±12.3a 1573.7±37.5a 90.1±14.8a 166 109.3±17.1*b 1581.4±38.9 95.5±17.8*b

50–59 127 113.1±16.4ab 1577.0±48.9a 96.8±20.9a 116 114.1±13.4 1576.5±41.9 97.3±17.1a

60–69 69 115.8±14.8a 1575.9±51.8a 98.3±21.3a 21 121.7±13.5a 1589.0±30.7 105.8±16.0a

≥70 21 115.0±15.9a 1568.5±41.0 95.7±20.3a 3 112.6±14.4 1554.6±53.3 90.2±18.9

*p<0.05, compared to age matched opposite gender group
a p<0.01, compared to the first group
b p<0.01, compared to the former group
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Fig. 2 Scatterplots of age-related changes of QUS parameters (BUA,
SOS, and SI) in healthy mainland Chinese males. The center line
represents the regression of QUS parameter on age and upper and
lower lines represent 95% confidence limits. a The relation between
BUA and age, BUA=26.292938+6.970507 (age)−0.006099 (age)3.
(R2=0.22991, p < 0.001). b The relation between SOS and age, SOS=
1468.581474+8.728582 (age)−0.007519 (age)3.(R2=0.05029, p <
0.001). c The relation between SI and age, SI=8.806913+7.071054
(age)−0.006153 (age)3. (R2=0.16201, p<0.001)

Fig. 1 Scatterplots of age-related changes of QUS parameters (BUA,
SOS and SI) in healthy mainland Chinese females. The center line
represents the regression of QUS parameter on age, and upper and
lower lines represent 95% confidence limits. a The relation between
BUA and age, BUA=39.595895+7.723146 (age)−0.197624 (age)2.
(R2=0.09110, p < 0.001). b The relation between SOS and age. SOS=
1490.696631+7.399622 (age)−0.006662 (age)3. (R2=0.04136, p <
0.001). c The relation between SI and age, SI=34.645363+5.103739
(age)−0.004531 (age)3. (R2=0.09421, p < 0.001)
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Besides bone mass, BUA and SOS have been suggested to
measure bone elasticity and microarchitecture [25]. SI is a
third parameter of QUS and is derived from the combina-
tion of BUA and SOS. Hans et al. [26] reported a better
correlation between QUS SI and DXA BMD than between
the latter and BUA or SOS. However, Jaworski et al. [5]
compared 71 normal and 18 osteopenic children and
reported that BUA had high correlations to BMD (r,
∼0.83), and SOS the lowest (r, ∼0.67), SI was intermediate
(r, ∼0.80).

In the present study, the correlation analysis between
three QUS parameters showed that the correlation between
BUA or SOS and SI was higher than that between SOS and
BUA in both sexes. This result may be due to different
representations of SOS and BUA (as mentioned above,
SOS and BUA represent ultrasound speed and broadband
ultrasound attenuation, respectively) and the derivation of
SI from a formula based on SOS and BUA. Accordingly,
the changes in the three QUS parameters with sex, age, and
growth variables were not completely identical.

Age, weight, and height were almost significantly
positively associated with all QUS parameters, as has been
observed in other studies [5, 27–32]. But there were
exceptions, for example, our results showed that SOS did
not correlate with weight and BMI for males, and SOS did

not correlate with height for females. Stepwise multiple
linear regression has shown different determinants for SOS
and BUA. For SOS, the strongest factor was age; For BUA,
age and weight were both the influencing factors; and for SI
in males, age was the most important factor, and in females,
age and weight were both the influencing factors. Compar-
atively, height and BMI were not effective influencing
factors on QUS. Van den Bergh et al. [33] also investigated
the relationship of BUA to foot dimensions and pubertal
stage in 491 healthy Caucasian children and adolescents
aged between 10 and 21 years. They indicated that foot
length was also an independent predictor of the ultrasound
parameter in males and not in females. In our study, we did
not examine the foot dimensions and pubertal stage, which
is a limitation in the present study.

Although three QUS parameters all significantly corre-
lated with age and the change trends of the QUS values
with age were similar, their increasing percentages with age
were different. The total increasing rates of QUS for young
males between 10 and 21 years were 26.9% for BUA, 2.1%
for SOS and 32.8% for SI per year, respectively. And those
of young females were 17.6% for BUA, 1.6% for SOS and
22.7% for SI per year, respectively. The results indicated
the magnitude of gains varied considerably depending on
the QUS parameter examined. Sawyer et al. [11] found that

Table 5 Stepwise multivariate linear regression model between QUS values and age (years), weight (kg), height (m) and BMI (kg/m2)

QUS Stepwise multiple regression model R Adjusted R2 p

Male
SOS 1528.152+2.962×age (β=0.205, p=0.000) 0.205 0.040 0.000
BUA 70.528+1.602×age+0.279×weight (β=0.305, p=0.000; β=0.217, p=0.000) 0.472 0.218 0.000
SI 57.308+2.366×age (β=0.369, p=0.000) 0.369 0.134 0.000
Female
SOS 1542.338+2.340×age (β=0.186, p=0.000) 0.186 0.032 0.000
BUA 73.069+0.871×age+0.505×weight (β=0.159, p=0.000; β=0.256, p=0.000) 0.362 0.126 0.000
SI 59.291+1.171×age+0.381×weight (β=0.199, p=0.000; β=0.180, p=0.000) 0.327 0.102 0.000

Table 4 Correlation coeffi-
cients (Pearson) between the
QUS bone parameters BUA,
SOS, and SI and growing age,
height, and weight in males
and females

Males Females

BUA SOS SI BUA SOS SI

Age 0.440 0.205 0.369 0.284 0.186 0.287
p 0.000 0.000 0.000 0.000 0.000 0.000
Height 0.413 0.127 0.305 0.294 0.055 0.215
p 0.000 0.016 0.000 0.000 0.293 0.000
Weight 0.408 0.086 0.276 0.334 0.117 0.277
p 0.000 0.105 0.000 0.000 0.025 0.000
BMI 0.282 0.024 0.169 0.259 0.131 0.238
p 0.000 0.656 0.001 0.000 0.012 0.000
BUA 0.453 0.830 0.357 0.832
p 0.000 0.000 0.000 0.000
SOS 0.873 0.815
p 0.000 0.000
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mean values for BUA increased by 40%, mean SOS by
only 4%, and mean SI by 80% between ages 7 and 18.
Other studies have also shown gains of 22–62% in
calcaneus BUA between children and late adolescent [30,
31, 34]; Increases in calcaneus SOS during puberty
reported previously were approximately 4–6% [30, 35].
Van den Bergh et al. [33] stated in their conclusions that
“BUA increased significantly with age in both sexes, SOS
increased with age in both males and females, but the
increase was small and not statistically significant in
males”. The differences of three QUS values in the
increasing rate may be due to different representations of
them (SOS and BUA represent ultrasound speed and
broadband ultrasound attenuation, respectively) and SOS
is not sensitive to the changes of skeletal status in youths.
The broad range of values in different studies most likely
reflects differences in the race, the number of subjects and
method of measurement. The inconsistent increasing rate in
both sexes may reflect differences of the growth during
puberty between males and females.

In our results, for three QUS values, there was a clear
spurt at 12 years of age in females and 14 years of age
in males. Furthermore, the QUS spurts were observed to
have occurred 1 year after the age of peak height
velocity (PHV) in both sexes, and there was an age-
related delay in QUS increases compared to the linear
growth pattern. These results are in agreement with many
studies, which confirmed that QUS of the calcaneus is
influenced by the growth process [2, 17, 36, 37]. We also
indicated QUS parameters of both genders in 10 to 11-
year–old individuals were very similar, while in females
at the age of 12 and 13 years, measurements were higher
than in males, which is probably due to the fact that
puberty occurs physiologically at an earlier chronological
age in females. It is well known, in fact, that in
adolescence bone mass is heavily influenced by sex
steroids which increase dramatically in this age period.
Our result was consistent with another study in Chinese
youths with DXA, which showed that BMD in individ-
uals younger than 12 years of age has no gender
difference from the lateral spine, neck, and trochanter
of femur, and total hip [38]. Other studies using QUS at
patella and proximal phalanges of the hand found that
higher values in females compared to males in middle
puberty [1, 39]. By contrast, Sawyer et al. [11] examined
311 healthy American children and adolescents and found
that gender differences were not significant. The probable
explanation for this difference is relative small cohort size.

Peak bone mass is the highest level of bone mass
achieved as a result of normal growth, and is well
recognized risk factor for osteoporosis later in life. Thus,
increasing peak bone mass during childhood and adoles-
cence is considered as important for osteoporosis preven-

tion as slowing bone loss in older ages. Despite the known
importance of peak bone mass, the age at which peak
values are reached remains controversial. Some studies
indicated that peak bone mass is reached as late as 35 years
of age. However, other studies have shown that more than
85% of peak skeletal mass is accrued by the age of
18 years, making bone growth during childhood and
adolescence a critical process [40, 41]. W Liu et al. [42]
reported the QUS values of Chinese males and females
peaked after 20 years and the values of youths before
20 years can reach more than 90% of the peak. Many
reports have also indicated that peak bone mass is achieved
between 16–18 years of age [41, 43–45]. Similarly, our
results found that QUS values peaked by late adolescence
after which there was a decline trend in both sexes.

In our study, the pubertal staging using the method of
Tanner was not performed. The unknown pubertal status of
the subjects is a limitation of this study. In addition, studies
have shown that dairy intake and physical activity growth
rate also influence QUS parameters [46]. The current study
focused only on a healthy population in cross-sectional
design, and data on bone QUS parameters longitudinal
changes due to dairy intake, physical activity, disease or
medication during childhood and adolescences should be
further investigated.

Despite these limitations, the present study presents the
important data of QUS indices measured with Achilles for
healthy mainland Chinese children and adolescents, which
could serve as reference data for evaluating the bone status
of young people. We have also presented the relationships
of the major determinants of bone mass, that is, age, height
and body weight, to QUS. We conclude in the present study
that, we determined, for the first time, the normative values
of calcaneal QUS values in mainland Chinese children and
adolescents.
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