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Pediatric bone headlined the opening of the
2008 ASBMR Annual Meeting with a plenary
symposium featuring experts in the areas of
skeletal growth and development, nutrition
and physical activity. Building on this first-
ever pediatric plenary session, the
remainder of the meeting showcased
numerous high-quality abstracts in the area
of bone acquisition and pediatric bone. An
impressive feature of these abstracts was
the variety of measurement technologies
currently being used — from standard DXA to
MRI, peripheral QCT and high-resolution
pQCT (HR-pQCT), among others. A
selection of the pediatric abstracts s
summarized below.

HR-pQCT - A Non-Invasive Tool to
Assess Bone Microarchitecture

At last year's meeting, the first HR-pQCT
data for children and adolescents were
presented (1). This year, three abstracts
reported pediatric HR-pQCT data. As a
follow-up to their preliminary HR-pQCT
analysis, the Mayo Clinic group applied
micro finite element (WFE) analysis to distal
radius scans and showed a linear increase
in estimated bone strength across puberty
with boys showing a greater increase than
girls after mid-puberty (2). As cortical bone
is known to contribute significantly to failure
load at the wrist (3), the authors compared
the proportion of load borne by cortical and
trabecular bone. The proportion of load
borne by cortical bone decreased during
mid-puberty before rising again. This
transient decrease mirrored the incidence of
distal forearm fractures during adolescent
growth (4). Further, an index of cortical
porosity (the ratio of cortical pore volume to

cortical bone volume) showed a transient
increase during the peak fracture period. It
remains to be seen if these deficits are
apparent in children and adolescents who
sustain forearm fractures.

Whereas HR-pQCT reference data have
been available for adults for several years
(5), the first HR-pQCT data for the distal
tibia in adolescents aged 15-20 years was
presented this year (6). Compared with
boys, girls had higher cortical density and
trabecular separation and lower trabecular
density, bone volume/total volume ratio and
trabecular number across all ages. These
sex differences were similar to those
observed by Kholsa et al. (5) and suggest
that during adolescence, boys have better
trabecular microstructure than girls. Further
study is needed to determine how these
differences in trabecular structure relate to
bone strength. In addition, HR-pQCT
investigations in younger children are
warranted to see if these sex differences are
present prior to and during puberty.

HR-pQCT was also used to investigate the
impact of late menarcheal age, a
documented risk factor for fracture in women
(7), on bone strength at the distal tibia in
adolescent girls (8). Girls with a later age at
menarche (= 14 years) had a lower bone
strength index than girls with an earlier age
at menarche and this relationship was
independent of factors such as body size
and physical activity. Late menarcheal age
was also associated with lower HR-pQCT-
derived cortical vBMD and cortical thickness
at the distal radius and tibia in healthy young
adult and premenopausal women (9;10).
Together these findings provide further
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evidence of the important influence of
estrogen exposure on bone structure and
strength during growth (11).

Physical Activity and Bone Health During
Growth

As summarized in the pediatric plenary
symposium, there is a substantial body of
evidence to support the benefits of physical
activity for skeletal health during growth.
However, as the majority of studies have
used DXA to assess the effects of exercise
on bone mass acquisition (12), there remain
many unknowns about the relationship
between physical activity and changes in
bone structure and strength as measured
with other imaging modalities. Racquet sport
athletes offer a unique model with which the
effects of exercise on bone structure and
strength can be examined. In a 12-month
prospective study of young male tennis
players, the playing arm showed a 44-66%
greater increase in total cross-sectional area
(CSA, by MRI) and BMC of the humerus
compared to the non-playing arm (13).
Although these differences were attenuated
after controlling for changes in muscle area
and grip strength, changes in BMC were still
significant, suggesting non-muscular factors
such as repetitive impact associated with
training contribute to the increase in bone
mass and size. In fact, average training
volume (hours/week) was a significant
predictor of BMC and CSA, even after
adjusting for muscle CSA.

Although changes in bone cross-sectional
area may provide insight into bone’s
resistance to bending forces, there is
increasing interest in  region-specific
changes in bone area that may be related to
dominant loading direction. In female
gymnasts, periosteal dimensions of the non-
dominant radius measured from pQCT
scans were greater along both the medial-
lateral and anterior-posterior axes (14). In
turn, the aspect ratio (the ratio of medial-
lateral diameter to  anterior-posterior
diameter) tended to be greater in gymnasts
compared with controls, suggesting loading-
related asymmetry. Further analysis is
needed to determine the effects of this
asymmetry on estimates of bone strength

and how this might relate to dominant
loading patterns associated with gymnastics.

Also of interest in the physical activity field
are novel intervention strategies such as
vibration therapy that may prevent bone loss
in clinical groups that are unable to
participate in weight-bearing activity. In a
randomized controlled trial of high-
frequency, low-intensity vibration therapy,
children with cerebral palsy or
neuromuscular  disease = demonstrated
greater gains in forearm BMC and aBMD
and upper limb muscle strength over 6
months compared to children receiving
physiotherapy alone (15). Importantly, the
changes in strength resulted in increased
independence among children in the
treatment group. These findings are in
agreement with an earlier vibration study in
disabled, but ambulatory children (16) and
suggest that vibration therapy may be an
effective non-pharmacological treatment for
bone fragility in disabled children.

Risk Factors for Inadequate Bone
Acquisition

High body weight is known to be a risk factor
for forearm fracture during growth (17).
Although overweight children tend to have
higher DXA-derived BMC than their normal
weight peers, recent pQCT evidence
suggests that relative to body weight, tibial
bone strength is lower in overweight
children, thus placing them at greater
fracture risk (18). Similar relationships are
present at the distal radius in young children
as adiposity was found to be significantly
negatively correlated with BMC, total bone
area and bone strength index at the 4% site
even after adjusting for body weight (19).
When examined in the context of loads
experienced during activity, relative bone
strength (incorporating the polar strength
strain index and ground reaction forces) was
not significantly different between
overweight and normal weight children for
low-impact activities such as an active video
game or walking (20). However, relative
bone strength was 17-27% lower in
overweight children for high-impact activities
such as running and jumping, suggesting a
non-protective effect of excess body weight.
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On the opposite end of the spectrum, the
negative effects of very low birth weight
(VLBW, <1500 g) on bone acquisition are
also significant. This was evident in a
Finnish cohort study of VLBW young adults
who, at the time of peak bone mass, were
found to have almost 2 times greater odds of
having a lumbar spine aBMD z-score within
the osteopenic or osteoporotic range
compared with normal birth  weight
individuals after accounting for body size
(21). Similarly, the VLBW adults had
significantly lower femoral neck BMD than
their normal birth weight peers. These
results highlight the need for early initiation
of osteoporosis prevention strategies in this

group.

In addition to high body weight, risk factors
associated with cardiovascular disease
(CVD) may also negatively affect bone
acquisition. A link between CVD and
osteoporosis has been reported in adults
(22) and two abstracts at this year’s meeting
provided evidence for a similar link in
children. Sixteen-month changes in tibial
bone strength, estimated with pQCT, were
greatest among those children with the
highest arterial compliance, an indicator of
good vascular function, at baseline (23). In
addition, children in the highest tertile of
arterial compliance had greater gains in
lumbar spine BMC. Systolic blood pressure
was also shown to be positively associated
with bone mass in pre-pubertal and pubertal
children who were classified as overweight
(24). This finding is in contrast to the inverse
relationship between systolic blood pressure
and bone mass in adults (22) and may be
related to differences in calcium and sodium
dynamics between children and adults.

Vitamin D — Essential for Optimal Skeletal
Development

Adverse environmental stimuli during intra-
uterine life may increase osteoporotic
fracture risk later in life (25). Results from
the large Avon Longitudinal Study of Parents
and Children (ALSPAC) confirmed earlier
results from a smaller cohort (26) that
vitamin D insufficiency is one such adverse
stimulus. Maternal vitamin D status,
estimated from background UVB exposure,
was positively associated with birth length

as well as total body less head aBMD, BMC
and bone area at age 10 (27). In order to
reduce vitamin D insufficiency in infancy,
daily vitamin D supplementation s
recommended (28), yet despite these
recommendations vitamin D deficiency
remains prevalent in many countries (29;30).
This may be due, in part, to a lack of a
definition of optimal vitamin D intake for
infants. Currently, the optimal status of 75
nmol/L is based on adult data. In the first
dose-response study using the vitamin D3
isoform, total serum 25(OH)D levels
increased with both dose (from 400 to 1600
IU/day) and time (4 to 8 weeks) in breastfed
infants (31). Further, compared with infants
receiving 1200 or 1600 IU/day, a higher
percentage of infants receiving the lower
doses did not reach 75 nmol/L. Continued
monitoring of these infants is required to
determine optimal vitamin D intakes in
relation to bone acquisition.

In summary, the pediatric abstracts at this
year’'s meeting highlighted the diversity of
this research area. This is an exciting time
for pediatric bone as the use of novel non-
invasive imaging modalities becomes more
widespread and permits a more
comprehensive  understanding of the
growing skeleton.

Conflict of Interest: None reported.
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