J Endocrinol Invest
DOI 10.1007/s40618-017-0662-6

@ CrossMark

EDITORIAL

Histomorphometric changes following treatment for osteoporosis
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A significant body of information is available regarding
the effects of osteoporosis drugs on bone histomorpho-
metry [1, 2]. This is, in part, because regulatory agencies
require biopsies to be performed to assess the safety and
mechanism of action of new therapeutic agents. There are
two classes of osteoporosis drugs: antiresorptive and ana-
bolic. As revealed by bone histomorphometry, each class
has a fundamentally different mechanism of action. Antire-
sorptive therapies, such as estrogen, calcitonin, raloxifene,
bisphosphonates, and denosumab, decrease bone turnover,
lowering both resorption, and formation [2]. There are sev-
eral histomorphometric studies on the effect of hormone
therapy (HT) in postmenopausal women, providing con-
vincing evidence of its beneficial skeletal action in preserv-
ing bone volume and structure by decreasing bone turno-
ver. The reduction in bone remodeling parameters after
treatment with HT is more pronounced than that observed
with raloxifene or calcitonin. Similarly, bone biopsy studies
following treatment with bisphosphonates show a reduction
in the rate of bone remodeling with a decrease in osteoid
surface and in the tetracycline-based, dynamic parameters
of bone turnover: mineralizing surface, bone formation
rate and activation frequency. However, a study analyzing
biopsies obtained after 2-3 years of alendronate treatment
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demonstrated that mineral apposition rate (MAR) was
unchanged, confirming that there is no inhibition of bone
mineralization, despite the reduction in bone remodeling
rate. Furthermore, alendronate had minimal effect on the
parameters related to bone resorption such as osteoclast
number and eroded surface. Bone microarchitecture, can-
cellous bone volume, and cortical thickness are preserved
with antiresorptive treatments. After 3 years of treatment
with risedronate, a paired biopsy study in postmenopausal
women showed a decrease in bone remodeling associated
with preservation of bone structure. The diminution of
bone remodeling with risedronate is less than that which
occurs with zoledronic acid and denosumab, which are
considered to be more potent antiresorptive agents.

In the FREEDOM trial of denosumab bone, biopsies
were performed after 24 or 36 months of treatment [3].
They showed a significant reduction in eroded surface and
osteoclast number with denosumab compared to placebo.
In addition, dynamic parameters were reduced by deno-
sumab treatment with the median bone formation rate being
reduced by 97% in comparison to placebo. In fact, double
tetracycline labeling in trabecular bone was observed in
only 40% of the patients treated with denosumab, while
it was present in 100% of the placebo group. However, it
is important to note that, among patients on denosumab,
those who had tetracycline labels and those without labels
had similar circulating bone turnover marker levels. This
finding suggests that lack of labels at the iliac crest does not
necessarily mean absence of bone remodeling in other skel-
etal sites [3]. The STAND trial compared denosumab to
alendronate and showed that indices of bone turnover were
lower in patients treated with denosumab than with alen-
dronate, confirming the more potent antiresorptive effect
of denosumab seen with biochemical markers [3]. Further-
more, it is important to note that the effects of denosumab
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at tissue level are fully reversible after its discontinuation
and this has s been demonstrated by histomorphometric
studies.

Anabolic therapies work by a fundamentally differ-
ent mechanism of action than antiresorptive agents [2, 4]
(Fig. 1). Rather than reducing the activation frequency of
bone remodeling, they increase it and the amount of new
bone formed, in each remodeling transaction exceeds the
amount that was removed, resulting in an increase in bone
mass. Rather than simply maintaining bone microarchi-
tecture, anabolic therapies improve it. To date most of the
published studies have evaluated bone histomorphometry
following treatment with teriparatide. Paired biopsies in
postmenopausal women clearly demonstrated its anabolic
effect on bone revealed by improved trabecular and cortical
bone microarchitecture associated with increases in osteo-
blast, osteoid, and mineralizing surface, bone formation
rate, as well as in the thickness of bone packets. Teripara-
tide is therefore characterized as a pro-remodeling anabolic
agent. While the increased bone formation rate is largely
the result of increased remodeling, teriparatide treatment
also increases modeling-based bone formation, i.e., bone
formation without prior resorption. The increase in both
types of bone formation provides the mechanism for the
increases in bone volume, trabecular connectivity, and

Fig. 1 Tetracycline labels in the
cancellous bone of iliac biopsies
taken from subjects treated with
teriparatide or zoledronic acid
for 6 or 24 months. Note exten-
sive labeling in the teriparatide-
treated subjects compared with
few labels in the zoledronic
acid-treated subjects, consist-
ent with the contrasting effects
of the two agents on the bone
turnover rate. In the lower right
image, the labels administered
at 6 and 24 months can both be
seen, allowing visualization of
new bone laid down under the
influence of teriparatide in the
intervening 18 months. Repro-
duced with permission from [4]
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cortical thickness, confirmed by 3D-micro-CT analysis.
Stimulation of bone formation by teriparatide has recently
been demonstrated in the femoral neck of patients under-
going total hip replacement [5]. This is the first study to
examine the effect of any osteoporosis medication on the
human proximal femur, the site of most serious of osteopo-
rosis-related fractures.

The effects of strontium ranelate (SrRan) on bone histo-
morphometry are modest. A recent large, paired biopsy
study [6] compared the effects of SrRan with those of alen-
dronate over 1 year. Bone remodeling parameters were
higher with SrRan than with alendronate, but there was no
evidence of osteoanabolic action.

Recently, the effects of a new anabolic agent have been
studied at the tissue level. Abaloparatide-SC is a potent
and selective activator of the parathyroid hormone recep-
tor (PTHIR) signaling pathway which binds to PTHIR
with a different affinity for the R configuration [7]. Quali-
tative histological analysis of biopsies from postmeno-
pausal women taking abaloparatide-SC revealed normal
bone microarchitecture and bone quality. Like teripara-
tide, abaloparatide-SC is a pro-remodeling anabolic agent.
In a comparison of biopsies from patients taking placebo,
abaloparatide-SC, or teriparatide for up to 18 months, there
were few differences in the histomorphometric indices
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between the two agents; eroded surface was lower in the
abaloparatide-SC-treated group, and MAR was higher in
the teriparatide-treated group than in the placebo-treated
group. Cortical porosity was higher in both the abalopara-
tide-SC and teriparatide groups than in placebo.

Few studies have examined the effects of combined
antiresorptive and anabolic treatment at the tissue level.
Recently, Dempster et al. [8] showed that teriparatide was
able to stimulate bone formation without an increase in
cortical porosity in the presence of prior and ongoing alen-
dronate treatment.

In conclusion, trans-iliac bone biopsy and histomorpho-
metry has played, and will continue to play an invaluable
role in the evaluation of the safety and mechanism of action
of osteoporosis medications.
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