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Bone histomorphometry enables the
quantitative assessment of bone turnover
and remodeling in histological sections of
bone. It provides unique information about
mechanisms of bone loss and gain in
untreated and treated disease and about the
safety of therapeutic interventions. Yet, bone
histomorphometry remains poorly
understood by a large part of the bone
research community, and its value has not
been fully exploited. The reasons for this lie
in the widespread perception that
histomorphometry is  inaccessible to
nonspecialists in the subject (a belief
fostered by complicated and sometimes
obscure terminology) and that bone biopsy
is an invasive procedure, which in today’s
climate, is hard to justify for research
purposes. In addition, the advent of
techniques for measurement of bone
mineral density (BMD) and of urine- and
serum-based biochemical markers of bone
turnover led many to believe mistakenly that
bone histomorphometry had become
redundant.

Although bone densitometry is a valuable
tool for the diagnosis and risk assessment of
osteoporosis, it provides no information
about cellular activities in bone, but merely
reflects the end result (at the time of
measurement) of a lifetime’s modeling and
remodeling activities. Furthermore, bone
densitometry does not distinguish between
defective mineralization of bone
(osteomalacia) and reduced mineralized
bone mass (osteoporosis). Bone turnover
markers reflect whole body bone turnover
but do not provide any information about
remodeling balance; the use by some of the
term “uncoupling index” in the context of
bone turnover markers to describe the
balance between resorption and formation

exemplifies the misconceptions that abound
in this field. In addition, bone turnover
markers provide a combined estimate of
bone turnover in cortical and cancellous
bone and are thus of limited use in
dissecting out differential effects on either
type of bone.

In contrast to bone densitometry, bone
histomorphometry provides detailed
information about both bone turnover and
remodeling  balance. Although  bone
histomorphometry has historically been
applied mainly to cancellous bone,
increasingly its use is being extended to
include cortical bone. Its basic principles are
simple and revolve around bone turnover
(measured by tetracycline labelling),
remodeling balance (assessed by wall width
and resorption cavity depth), and
mineralization (measured by osteoid seam
width and mineralization lag time). A number
of structural indices that reflect connectivity
and trabecular shape can also be assessed
in cancellous bone, using either two- or
three-dimensional approaches. In cortical
bone, changes in cortical porosity andwidth
can be determined and the relative
contributions of changes at the endosteal
and periosteal borders to the latter
ascertained.

Of course, bone histomorphometry has its
limitations. In particular, measurement and
sampling variance are high. There may be
considerable  heterogeneity in  bone
remodeling and turnover between skeletal
sites, both in health and disease, so that
changes in the iliac crest are not necessarily
representative of other parts of the skeleton
(e.g., the spine) (1). Many of the
measurements made in bone
histomorphometry have a  subjective
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element, and this, together with differences
in staining techniques, magnification, and
measurement methods, contributes to
significant inter- and intraobserver
measurement variability (2-4). Even within a
single biopsy, there may be considerable
variation in remodeling and turnover,
depending on the site chosen for sampling.
Finally, current histomorphometric
techniques are seriously limited by the lack
of reliable markers for activation and active
resorption (5). Dynamic indices related to
these processes are calculated from bone
formation rates, based on the assumptions
that bone resorption and formation are
coupled in time and space and that bone
remodeling is in a steady state; these
assumptions may not be tenable in disease
states.  Finally, bone biopsy cannot be
repeated at frequent intervals, not only
because of ethical considerations, but also
because of the remodeling acceleratory
phenomenon, which effectively limits the
number of biopsies to two (one from each
iliac crest). When planning prospective bone
histomorphometric studies, therefore, a
decision has to be made as to whether
short-term or steady-state changes are of
prime interest.

There are many examples where bone
histomorphometry has enabled important
advances in our understanding of
mechanisms of disease and the changes
induced by treatment. Preclinical studies
have clearly documented the cellular
changes and corresponding increase in
bone turnover induced by estrogen
deficiency and the subsequent reduction
following estrogen repletion; these effects
have also been shown in humans (6-8),
together with the rapid microarchitectural
changes that occur following estrogen
withdrawal (9). Reductions in bone turnover
with antiresorptive agents have been
demonstrated in postmenopausal women
with osteoporosis, varying from 30% to 50%
with raloxifene and cyclic etidronate to 90%
or more with the more potent
bisphosphonates (6,7,10-15). This
quantitative information may be of particular
relevance to the theoretical concerns about
prolonged suppression of bone turnover
(although it should be noted that the degree
of  suppression, as assessed by

histomorphometry, is generally greater than
that indicated by biochemical markers of
bone turnover). The role of increased bone
turnover in the rapid early bone loss
associated with glucocorticoid therapy and
solid organ transplantation, which was not
reliably predicted by biochemical markers of
bone turnover, has been convincingly
documented in histomorphometric studies
(16,17).

Recently, the use of bone histomorphometry
has led to major advances in our
understanding of how anabolic skeletal
effects can be achieved. The ingenious
study of Hodsman et al. (18) demonstrated
the early stimulation of de novo bone
formation on cancellous bone surfaces in
postmenopausal women treated with
parathyroid hormone peptide, and evidence
that this also occurs on cortical endosteal
and periosteal surfaces has more recently
been reported (19,20). These studies also
demonstrated the importance of the
combination of increased  activation
frequency and a positive remodeling
balance (resulting from increased bone
formation at the basic multicellular unit level)
in achieving the anabolic effect of
intermittent administration of parathyroid
hormone.

Current European and North American
regulatory requirements for bone
histomorphometric studies have ensured not
only that bone safety is addressed, but also
that mechanisms of action of
pharmacological interventions can be
explored; furthermore, observations in
placebo-treated individuals yield valuable
information  about the evolution of
osteoporosis in postmenopausal women.
Although biochemical markers and bone
densitometry provide information about bone
turnover and BMD, they cannot reveal
mineralization defects or the presence of
woven or lamellar bone, nor can they
unravel in detail the mechanisms by which
bone loss or gain occur. Finally, the
application of three-dimensional
measurements of microarchitecture (21) and
qualitative aspects of bone mineral and
matrix (22-24) to bone biopsy specimens is
generating important new information about
the effects of disease and its treatment that
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cannot be obtained by other approaches.
The unique and increasing value of bone
histomorphometry as a clinical research tool
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