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Senile osteoporosis is a pediatric disease. —Charles E. Dent Almost 30 years ago, the late Professor Charles Dent of
University College, London pointed out that failure to gain sufficient bone during skeletal growth and maturation
predisposes to the development of senile osteoporosis as age-related bone loss ensues. While much more is known
about the patterns of bone loss than about patterns of bone growth, the following is agreed upon. Between the onset of
puberty and young adulthood, skeletal mass doubles (1). Most of this increase occurs during the pubertal growth spurt,
although small increases in bone mineral density (BMD) continue for an undefined interval after linear growth ceases, by
a process termed bone consolidation. The increases in statural height and bone remodeling are greatest in early puberty
and then progressively decline until the epiphyses close in late puberty (1-5). In contrast, maximal increases in BMD
occur 2 years later — at menarche in girls and in late puberty in boys. The pattern of bone growth in boys differs from that
in girls in 2 ways. First, boys have 2 more years of prepubertal growth because of a later onset of puberty (age 14, rather
than 12 as in girls). Second, their pubertal growth spurt lasts for 4 years rather than the 3 years in girls (2, 3, 5). These
differences [...]
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Senile osteoporosis is a pediatric disease.

—Charles E. Dent

Almost 30 years ago, the late Professor
Charles Dent of University College,
London pointed out that failure to gain
sufficient bone during skeletal growth
and maturation predisposes to the
development of senile osteoporosis as
age-related bone loss ensues. While,
much more is known about the pat-
terns of bone loss than about patterns
of bone growth, the following is agreed
upon. Between the onset of puberty and
young adulthood, skeletal mass dou-
bles (1). Most of this increase occurs
during the pubertal growth spurt,
although small increases in bone min-
eral density (BMD) continue for an
undefined interval after linear growth
ceases, by a process termed bone con-
solidation. The increases in statural
height and bone remodeling are great-
est in early puberty and then progres-
sively decline until the epiphyses close
in late puberty (1-5). In contrast, maxi-
mal increases in BMD occur 2 years
later — at menarche in girls and in late
puberty in boys. The pattern of bone
growth in boys differs from that in girls
in 2 ways. First, boys have 2 more years
of prepubertal growth because of a later
onset of puberty (age 14, rather than 12
as in girls). Second, their pubertal
growth spurt lasts for 4 years rather
than the 3 years in girls (2, 3, 5). These
differences largely account for the
greater peak bone mass in boys.

With a few exceptions, previous stud-
ies have focused on the overall pattern
of skeletal growth and maturation.
However, in this issue of the JCI, Bass et
al. (6) report on a comprehensive, longi-
tudinal study of skeletal changes across
puberty in 109 girls and describe specif-
ic differences in growth changes by bone
types, bone regions, and bone surfaces.
Both bone size and volumetric BMD

(VBMD) were assessed, which is particu-
larly important for studies of skeletal
growth in which both are changing. Itis
not always appreciated that dual-energy
x-ray absorptiometry, the method used
for more than 90% of bone densitome-
try measurements worldwide, assesses
areal BMD (aBMD), measured in g/cm?,
rather than vBMD, measured in g/cm?3.
Unfortunately, aBMD overestimates
vBMD substantially by failing to
account for wider bones also being
deeper. Bass et al. assessed vBMD indi-
rectly by making geometrical conver-
sions from aBMD. They find that
growth within the skeleton is not uni-
form during sexual maturation. Thus,
prepubertal growth is disproportion-
ately greater in the legs, whereas the
adolescent growth spurt is dispropor-
tionately greater in the trunk. In both
the appendicular and the axial skeleton,
Bass et al. and others (1, 3, 4) find that
most of the increase in bone mass in
early puberty is due to increases in bone
size, whereas a smaller increase in vVBMD
that is independent of increases in bone
size occurs in late puberty. This distinc-
tion cannot be made with measure-
ments of aBMD. Moreover, in the corti-
cal bone of the femurs and metacarpals,
Bass et al. find different patterns of
growth on bone surfaces. Both the
periosteal and endocortical diameters
increase during puberty (the former
because of a relative excess of bone
apposition, and the latter because of a
relative excess of bone resorption), but
the rate of expansion is more at the
periosteum, leading to a progressive
increase in cortical width. Interestingly,
in late puberty (between 1.0 and 3.7
years after menarche), rather than con-
tinued expansion, there is contraction
in endocortical diameter, indicating

that apposition now predominates over
resorption at the endocortical surface.
This leads to an even greater increase in
cortical width. Also, there was a sharp
but transient increase in true vBMD
(defined as bone mineral content with-
in bone itself, excluding the marrow cav-
ity) during the first year after menarche.

What are the main hormonal deter-
minants of these skeletal changes dur-
ing puberty? Bass et al. find that serum
IGF-1 levels increase by over 2-fold
from puberty to menarche — the period
of rapid skeletal growth — and then
remain relatively constant until linear
growth is terminated by epiphyseal
plate closure. Their data, along with
those of others (5, 7), suggest that an
increase in serum IGF-1, stimulated by
growth hormone (7) and sex steroids
(8), is the major facilitator of increases
in bone size during puberty. Also,
serum estradiol correlated inversely
with biochemical markers for bone
turnover, consistent with the antire-
sorptive action of estrogen. Thus, the
surge in the production of estrogen at
menarche that closes the epiphyses is
also the likely cause of the temporally
associated increases in vBMD and cor-
tical true vBMD, and of the conversion
from endochondrial surface expansion
(increasing diameter) to contraction
(decreasing diameter) in cortical bone.

On the basis of these observations,
Bass et al. hypothesize that childhood
diseases that induce growth arrest will
have different skeletal consequences
depending on the age of exposure. In
prepuberty, they will affect mainly the
limbs; in early puberty, mainly the ver-
tebrae; and in late puberty, mainly the
enhancement in vBMD. This interest-
ing theoretical concept warrants exper-
imental testing. Bass et al. also firmly
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conclude that osteoporosis of old age
may have its foundation in growth.
Although the importance of peak bone
mass seems indisputable, it is impor-
tant to acknowledge the equally impor-
tant role of bone loss in determining
residual bone mass late in life in both
genders, but particularly in post-
menopausal women (9-11). The origi-
nal hypothesis of Newton-John and
Morgan (12), that age-related bone loss
occurs at a relatively constant rate
among individuals, is no longer gener-
ally accepted. In fact, bone loss has been
shown to be highly variable over life (11,
13), and differences in individual rates
probably account for up to half of the
variance of cancellous bone mass (14,
15) and about one-third of the variance
in cortical bone mass (10, 11) late in life.
Thus, a comprehensive description of
pathogenesis should encompass the
contributions of both low peak bone
mass and rapid bone loss, and should

recognize that for a given patient, either
or both of these processes may be the
principal cause of osteoporosis.
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