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Abstract While bone mineral density (BMD) by dual-
energy X-ray absorptiometry is the primary method of
determining fracture risk, assessing bone turnover may add
valuable information for the management of patients with
low bone mass. Bone turnover markers (BTMs) are used in
clinical trials where they can provide essential information
on the biological efficacy of osteoporosis treatments. In
such population-based studies, BTMs can predict fracture
risk independent of BMD. When combined with BMD,
they improve the fracture risk estimate above and beyond
BMD alone in postmenopausal osteoporotic women. Since
changes in bone turnover after the initiation of therapy with
bone resorption inhibitors occur much more rapidly than
changes in BMD, treatment efficacy could, in theory, be
determined within weeks of using BTMs. However, such
predictive value is limited by the large biological variability
of these biochemical markers, even though newer automated
methods have reduced their analytical variability. Conse-
quently, widespread adoption as a means of predicting
treatment efficacy in fracture prevention for individual
patients cannot yet be recommended. BTMs may be useful
for monitoring adherence to antiresorptive therapy and may
aid in identifying patients for whom antiresorptive therapy is
most appropriate. Thus, although BTMs are currently
confined to clinical research applications, further improve-

ment in assay precision may extend their diagnostic value in
clinical settings.
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Introduction

The World Health Organization (WHO) employs a
functional definition of osteoporosis as a disease in
which “low bone mass and microarchitectural deteriora-
tion of bone tissue” increases bone fragility, which leads
to a higher risk of fracture [1]. Among the several
available modalities for diagnosing osteoporosis and its
severity, bone mineral density (BMD) of the spine and
proximal femur measured by dual-energy X-ray absorpti-
ometry (DEXA) is considered the current standard [2].
The WHO categorizes osteoporosis in postmenopausal
women as a BMD of at least 2.5 standard deviations below
that of the mean BMD in young adult women (i.e., a T
score≤−2.5) [1].

The WHO, however, acknowledges the limitations of
BMD, noting that it is useful as a diagnostic measure,
within the limitations of a fairly arbitrary cutoff point, but
less useful as a prognostic measure. In fact, a T score≤−2.5
may be regarded simply as a risk factor, much as high
blood pressure is a risk factor for stroke [1, 3]. Similar to
the relationship between blood pressure and stroke, BMD
alone can provide only an estimation of the likelihood of a
future fracture. Indeed, BMD represents one important, but
not exclusive, dimension of bone strength, a point well
illustrated by the fact that a woman aged 75 years is four to
seven times more likely than a 45-year-old woman with the
same BMD to experience a fracture [4]. The limitations of
BMD in fracture prediction are also underscored by a more
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recent study involving nearly 15,000 postmenopausal
women between the ages of 50 and 104 showing that
82% of women with fractures at 1 year had T scores>−2.5,
and 67% had T scores>−2.0 [5]. Thus, additional risk
factors could be used to increase the predictive value of
BMD [3]. To this end, a fracture risk assessment tool
(FRAX) has recently been developed that allows for the
assessment of fracture risk based on a series of clinical risk
factors, such as body mass index, fracture history, parental
fracture history, presence of secondary causes of osteopo-
rosis, and use of glucocorticoids, as well as smoking status
and alcohol consumption. Although the FRAX tool can be
used with or without the inclusion of BMD, BMD of the
proximal femur remains the primary component of fracture
risk estimation [6].

One important determinant of bone strength that is not
assessed by either BMD or clinical risk factors is the rate of
bone remodeling. High bone remodeling rates have been
associated with more severe forms of osteoporosis [7, 8],
and it would seem obvious that a reliable assessment of
bone remodeling could be a very helpful tool for predicting
fracture risk. Indeed, high levels of bone turnover markers
(BTMs) are associated with an increased risk of fracture
[8], while reduced bone turnover is associated with therapeu-
tic efficacy of bone resorption inhibitors, as discussed later.
Until recently, it was assumed that the efficacy of antiresorp-
tive therapy was entirely due to arresting or reversing the loss
of bone mass [9]. However, clinical studies have shown that
the efficacy of antiresorptive agents in fracture prevention
goes beyond what can be predicted based on improvements
in BMD. A meta-analysis of trials on antiresorptive agents
calculated that a 20% fracture risk reduction should be
expected if BMD changes were the only factor in reducing
risk, whereas the actual observed reduction in fracture risk
is >40% [10]. These considerations corroborate the notion
that factors other than improved bone density contribute to
fracture reduction with these medications. Inhibition of bone
remodeling itself is certainly another mechanism by which
antiresorptive agents can rapidly reduce risk of fracture. No
other known mechanism of action could influence bone
strength in so short a time as the near-immediate decrease in
remodeling loci that occur after antiresorptive therapy [9].

Thus, there is a solid rationale for using measurements of
bone turnover as a prognostic tool in the clinical setting.
However, while BTMs are used in clinical trials where they
can reliably report changes in bone turnover in population-
based settings, their large biological variability remains a
significant obstacle to broader use in the clinical setting,
even though the recent development of automated assays
has improved the analytical precision for measurement of
several BTMs [11, 12, 13]. Nevertheless, the information
provided by clinical research is useful in defining potential
diagnostic applications for these markers.

Depending upon their origin, BTMs are classified as
indices of either bone resorption or formation, even though
in most clinical circumstances, when the two arms of the
bone remodeling process are coupled, they change in
parallel. The most widely used bone resorption markers are
products of type I collagen breakdown generated during
bone resorption (amino- or carboxyl-terminal cross-linking
telopeptides, pyridinium cross-links). Osteoclast activity can
be monitored by serum tartrate-resistant acid phosphatase,
although the use of this marker is more limited (Table 1).
Bone formation markers consist of matrix proteins (osteo-
calcin), products of posttranslational processing of type I
collagen molecules (procollagen type I N- or C-terminal
propeptides), or enzymes (alkaline phosphatase) released in
the circulation from osteoblasts during their activity of bone
matrix synthesis (Table 1) [14].

Markers of bone resorption

Amino-terminal cross-linking telopeptides of type I
collagen (NTX)

The result of osteoclastic bone resorption, NTX is a type I
collagen breakdown product that can be measured in either

Table 1 Selected bone resorption and formation markers [14]

Marker Clinical
source

Assay

Amino terminal
telopeptide (NTX)

Serum
or urine

Osteomark

Carboxyterminal
telopeptide (CTX)

Serum
or urine

Elecsys 2010

Deoxypyridinoline
(DPD)

Urine Automated HPLC
(Chromsystems
Instruments
& Chemicals); ACS: 180

Pyridinoline (PYD) Urine Automated HPLC
(Chromsystems
Instruments
& Chemicals)

Serum tartrate-resistant
acid phosphatase
(TRACP)

Serum BoneTRAP

Osteocalcin (OC) Serum Elecsys 2010
Alkaline phosphatase
(ALP)

Serum Cobas Mira Plus Automated
Chemistry System Alkaline

Bone-specific alkaline
phosphatase (bone ALP)

Serum Access Ostase; Hitachi 917

Procollagen type 1 N-
terminal propeptide
(PINP)

Serum Elecsys 2010

Procollagen type 1 C-
terminal propeptide (PICP)

Serum NA
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serum or urine. Serum NTX decreases significantly after
antiresorptive therapies, but it is less sensitive than urinary
NTX in detecting changes induced by such therapies [15].
The reason for this is unknown, and it is still unclear
whether dietary intake of collagen can interfere with serum
NTX levels. Measurement of NTX in 24 h urine has the
advantage of overcoming the variability due to circadian
changes in bone turnover, and the results are less sensitive
to dietary collagen intake [14, 16]. NTX is measured by
immunoassays based on antibodies against the α2 cross-
linked fragment of type I collagen [14, 17].

Carboxyl-terminal cross-linking telopeptides of type I
collagen (CTX)

As with NTX, assays for detecting CTX in both serum
and urine have been developed, including enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA),
and an electrochemiluminescence assay [14, 18, 19]. The
development of an automated method for assessment of
serum CTX has greatly reduced analytical variability to
<5% [20]. The C-terminal telopeptide α1 chain of type I
collagen undergoes β-isomerization and racemization, an
age-dependent process [21]. Therefore, the ratio of αCTX,
representing the breakdown of recently synthesized colla-
gen, to βCTX, representing aged collagen, has been
proposed as an index of very rapid bone turnover. For
example, the αCTX/βCTX ratio is increased in patients
with Paget’s disease, consistent with the breakdown of
newly synthesized woven bone, and the ratio decreases
dramatically upon bisphosphonate therapy [22]. Interest-
ingly, postmenopausal women with a higher ratio of αCTX
to the age-related βCTX at baseline may be at an increased
risk of fracture compared to women with lower ratios [23].
However, there is a substantial inter-individual variability
of the αCTX/βCTX ratio [14], and further studies are
necessary to determine whether this ratio offers an advantage
over other total CTX.

PYD and DPD cross-links

Pyridinoline (PYD) and deoxypyridinoline (DPD) are
covalent pyridinium cross-links also produced from the
breakdown of collagen during bone resorption. They are
released into circulation and pass into the urine [24, 25].
Both can be detected by RIA and ELISA, methods that
afford clinical application and better sensitivity compared to
the earlier high-performance liquid chromatography (HPLC)
methods [14, 25, 26]. A new commercially available
automated HPLC assay may improve detection with less
variability than the older methods [27]. Collagen cross-
links are present not only in bone but also in cartilage,
vessels, and ligaments. However, since bone is a high

turnover tissue relative to other PYD sources, the majority
of circulating PYD and urinary PYD originates from bone
[26]. On the other hand, DPD originates almost entirely
from bone and dentin and is not present in ligaments,
cartilage, or tendons [26]. Thus, DPD and PYD offer reliable
assessment of bone resorption.

Tartrate-resistant acid phosphatase (TRACP5b)

Acid phosphatases are rather ubiquitous lysosomal
enzymes. Most specifically expressed in the osteoclast is the
5b isoform (TRACP5b), which is used as a bone resorption
marker. In fact, it is the only marker of osteoclast activity,
and as such, it is widely used in animal studies. TRACP5b is
typically increased in high bone turnover conditions, such as
Paget’s bone disease, bone metastases, and multiple myelo-
ma and after ovariectomy [28]. However, it has not gained
widespread acceptance in osteoporosis, perhaps because its
sensitivity to report changes in bone turnover following
anti-resorptive therapy have not been as consistent as with
other markers [28, 29].

Other markers of bone resorption

Other markers have been proposed in the recent past, but
because of their lower bone specificity or sensitivity to
changes in bone remodeling, or lack of clinically applicable
assays, they have been gradually abandoned. An immuno-
assay that measures a large cross-link of type I collagen C-
telopeptides (ICTP) in the serum has been developed, but
since the helical part of the α-chains is strongly conserved
among different types of collagen, the specificity of this
assay in reflecting bone resorption is not the best. In fact,
human studies have been disappointing. For example,
serum ICTP decreased in patients on estrogen replacement
therapy (ERT) but did not return to baseline after ERT as
did other markers of bone resorption, suggesting that it is
not as sensitive as the other assays [30]. Measurement of
hydroxyproline in the urine has been widely used for many
years. Since hydroxyproline is mostly present in collagen
and it is not reutilized after collagen breakdown, its urine
levels are correlated with bone resorption. However,
substantial amounts of hydroxyproline are present in the
C1q fraction of complement, and its urine concentration is
heavily affected by dietary collagen [31]. In fact, correla-
tion with histomorphometric indices of bone turnover is
less than optimal [32]. In theory, hydroxylysine and its
glycosylated metabolites would be better markers of bone
resorption, since posttranslational lysyl hydroxylation is
specific for collagen, and β-1-galactosyl-hydroxylysine is
not metabolized or influenced by dietary collagen [33].
Unfortunately, there is no analytical method, aside from
HPLC, that can be used in clinical settings.
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Markers of bone formation

Serum osteocalcin

Osteocalcin is a bone matrix protein synthesized by mature
osteoblasts. Also known as bone gla protein, it constitutes
approximately 15% of the noncollagenous bone matrix
proteins [34, 35]. Characteristic of osteocalcin is its
calcium-binding properties, which are mediated by three
vitamin K-dependent γ-carboxy glutamic acid residues
[36]. Although osteocalcin is involved in the mineralization
process, its precise protein function remains poorly known
[26].

While most of the osteocalcin synthesized by osteoblasts
is incorporated into the bone matrix, a small proportion goes
into circulation [37]. Either RIA, ELISA, or a chemilumi-
nesence immunoassay may be used to detect osteocalcin
[14]. Osteocalcin in the serum is rapidly degraded, resulting
in osteocalcin fragments that are detected by antibody-
based assays along with the full-length molecule [37, 38,
39]. Although osteocalcin is a very good marker of bone
formation, there is a high biological and circadian variabil-
ity [26] which, in addition to the presence of osteocalcin
fragments in the serum, may negatively affect the repro-
ducibility of repeated measures. Rapid processing of the
blood sample for the osteocalcin assay is advisable to avoid
the loss of reactivity that can occur in just a few hours at
room temperature. Indeed, this is a generally advisable
approach for any BTM assay [26].

Serum alkaline phosphatase and bone-specific alkaline
phosphatase

Alkaline phosphatase (ALP) is a glycosyl–phosphatidyl–
inositol anchored ectoenzyme present on the membrane of
osteoblastic cells [40]. Although its exact function is not
completely clear, the presence of alkaline phosphatase on
the cell membrane is required for bone mineralization [41].
Normally, ALP activity in the circulation is contributed to
by bone and liver isoforms in approximately equal amounts
[42]. Heat inactivation is the simplest method for distin-
guishing the two primary isoforms of ALP in serum [14].
However, a much better assessment of bone-specific ALP
(bone ALP) is provided by immunoassays for the bone
isoform. In general, total ALP assays are suitable in patients
with normal liver function, but bone ALP affords greater
specificity for osteoblast function [43].

Serum PINP and serum PICP

Procollagen type I N-terminal propeptide (PINP) and
procollagen type I C-terminal propeptide (PICP) are
peptides derived from posttranslational cleavage of type I

procollagen molecules before assembly into fibrils. Some
of these cleavage products pass in the circulation and
therefore can be used as markers of bone formation [44,
45]. Primarily cleared by liver endothelial cells, PINP and
PICP originate primarily from bone, but small contributions
come from skin, tendon, dentin, and cartilage [26, 44, 46].
Since skeletal tissues undergo a higher rate of turnover than
non-skeletal tissues, they contribute a preponderance of
collagen propeptides to circulation [26]. The presence of
PINP and PICP in serum can be determined with either RIA
or ELISA, and electrochemiluminescence immunoassay
analyzers [47], although PINP is preferred to PICP as a
marker of bone formation. This is due in part to the fact that
PICP, unlike PINP, is cleared by the mannose receptor,
which in turn can be regulated by growth hormone and
thyroid hormones, thus complicating interpretation in
subjects with pituitary or thyroid dysfunction [46, 48, 49].
An automated method for measurement of serum PINP has
recently become available, exhibiting very low (<3%)
variability [12].

Bone turnover markers as diagnostic tools

A number of clinical applications have been proposed in
which BTMs could serve as diagnostic tools for patients
with metabolic bone diseases. Some of these remain
controversial and are limited by the high biological and
individual variability of these markers; others may repre-
sent more realistic applications of BTMs.

Estimation of fracture risk

As mentioned above, high bone remodeling rates have
been associated with an increased risk of fractures [7, 8].
Large epidemiologic studies demonstrate that bone turnover
is an independent contributor of fracture risk. Both the
Os des Femmes de Lyon (OFELY) and Epidemiologie de
l’Ostéoporose (EPIDOS) studies observed that women with
increased levels of CTX and free deoxypyridinium (D-Pyr)—
but not bone formation markers—had a twofold relative risk
of hip fractures independent of bone density and physical
performance [50, 51]. Combining a BTM with bone density
showed an additive effect on fracture risk (Fig. 1). The
Rotterdam Study similarly found a strong association
between elevated pyridinoline levels and risk of hip fracture
even after adjustments for BMD and disability [52]. In the
OFELY Study, which included early postmenopausal women,
only women in the highest quartile of four BTM had twofold
higher risk of fractures compared with women with BTM
within the normal range, suggesting a nonlinear relationship
between excessive bone turnover and fracture risk. Although
bone resorption markers are more consistently associated

846 Osteoporos Int (2009) 20:843–851



with fracture risk than are markers of bone formation, ALP
was also found to be a good predictor of fracture risk in the
Hawaii Osteoporosis Study [53]. In the EPIDOS Study,
undercarboxylated osteocalcin was a significant predictor of
fracture risk independent of bone density [51]. In theory,
then, combining one baseline bone mass measurement with
BTMs can be seen as a plausible approach to identifying
those menopausal women who are at highest risk of bone
loss and increased fracture risk. However, whether the
additional information provided by biochemical markers
can affect clinical decisions that could otherwise be made
on the basis of bone density only, or whether additional
subjects at risk of fractures would be identified by BTM, will
have to be determined before recommending the measure-
ment of BTMs as a part of the diagnostic process for
postmenopausal women. It is also unclear whether measure-
ment of a BTM would be helpful in estimating fracture risk
in patients who cannot undergo a DEXA test, as other
factors, such as body weight, smoking, family history of
fractures, and geometry of the hip, may be better predictors
of fracture than BTM. Finally, it should be noted that
discordant results were obtained in the Study of Osteoporotic
Fractures where no evidence of independent relationship
between BTMs and fracture risk was found except for a
trend for reduced levels of CTX in patients without fractures
[54].

Monitoring therapeutic efficacy of anti-resorptive therapy

Undoubtedly, a determination of bone turnover rate can be
used to assess the biologic action, if not the therapeutic
efficacy, of anti-resorptive agents. BTMs rapidly decrease
during bisphosphonate therapy in postmenopausal women,
and these changes are associated with increased bone mass

and/or fracture rate reduction. In particular, a 3-year trial of
risedronate found a significant association between a
reduction in vertebral fracture risk and reductions in NTX
and CTX [55], although a subsequent reanalysis of the data
revealed that below a certain threshold of bone turnover
reduction, such association was no longer present [56].
Nonetheless, the notion that fracture risk reduction is
associated with decrease in BTM during therapy is
supported by other studies on bisphosphonates. For
example, ibandronate at three different doses increased
lumbar spine BMD after 1 and 2 years, while CTX levels
decreased after only 3 months [57]. Lower doses of
intermittently administered intravenous ibandronate
showed a similar relationship of increased BMD accom-
panied by a decrease in CTX [58]. Similar results exist for
alendronate [59], and more recent data also demonstrate
that zoledronic acid, administered once annually for
3 years, results in a reduction in vertebral fractures
accompanied by reduction in CTX, bone ALP, and PINP
levels [60]. Likewise, similar correlations have been reported
for other anti-resorptive agents. In a 1-year study comparing
the effects of raloxifene or hormone replacement therapy
with placebo, BMD increased from baseline at lumbar spine
and total body in both active treatment groups, and this was
accompanied by a significant decrease in serum bone ALP,
serum osteocalcin, and urine CTX [61]. More recent data
demonstrate that denosumab, a fully human monoclonal
antibody against receptor activator of nuclear factor kappa B
ligand (RANKL), administered twice yearly for 2 years,
increased lumbar spine and proximal femur BMD while
decreasing CTX and PINP [62]. Similarly, decreased PINP
and CTX have also been observed after treatment with
strontium ranelate, without changes in bone formation
markers [63]. More importantly, reduction in bone turnover
has been demonstrated as an independent predictor of
therapeutic efficacy on fracture risk reduction in different
studies [55, 57, 59]. A meta-analysis of several randomized
clinical trials on osteoporosis treatment estimated that a 70%
reduction in resorption markers corresponds to a 40% reduc-
tion in the risk of nonvertebral fractures, while a 50%
reduction in bone formation markers was associated with a
44% nonvertebral fracture risk reduction [64].

Therefore, the possibility of assessing therapeutic effi-
cacy early using a simple measurement of BTM is very
appealing and could have a significant clinical impact,
considering that changes in bone turnover occur rapidly
after the initiation of antiresorptive therapy, usually within
weeks for oral agents [65, 66], whereas changes in BMD
can only be detected after 6 months or 1 year of treatment.
However, this is an area in which the inherent limitations
of these markers become particularly clear and perhaps
insurmountable. It is neither appropriate nor adequate to
extrapolate correlations between BTMs and therapeutic
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response from large clinical trials to individual patients,
since even the daily oscillations of bone turnover are of a
magnitude not dissimilar to the changes that would be
anticipated from antiresorptive therapy. For example, daily
variation of DPD can be as high as 67% of the average
24-h urine excretion [67], and diurnal variations of lesser
magnitude (20–30%) have been observed for serum markers,
in particular CTX and NTX [68, 69]. Some measures can be
taken to minimize such variability, most importantly by
taking serum samples at the same time of day [26]. Fasting is
also very important when testing for CTX; in general,
patients should be advised not to exercise shortly before
having a blood or urine sample taken [26]. While these
precautions will not eliminate biological variability in BTM
assays, they may help reduce some of the more extreme
fluctuations. As noted earlier, the development of automated
methods has substantially improved analytical precision of
some BTMs [12, 20]. Nonetheless, the concept of least
significant differences, commonly applied to DEXA mea-
surements to establish statistical significance of bone density
changes in individual patients [70, 71], should be considered
for BTMs as well. For example, even with an intra-assay
coefficient of variation of 5%, only changes higher than 15%
can be considered significant in individual patients. Despite
these hurdles, bone turnover assessment may add diagnostic
value to BMD in monitoring treatment efficacy, but whether
this additional testing and relative cost will improve
therapeutic outcome will have to be determined. This
conclusion also applies to anabolic agents, which increase
BTMs. Although positive correlations have been observed
between changes in BTMs and changes in BMD during
therapy with teriparatide, it is not known whether this
correlation also exists with fracture risk prevention [72].
Because of these limitations, at present, BTMs cannot be
recommended for predicting treatment efficacy in individual
patients.

Monitoring compliance and adherence to therapy

Monitoring compliance and adherence to treatment repre-
sents a potentially useful application of BTMs, particularly
in the case of bone resorption inhibitors. Adherence to oral
medications is notoriously poor and represents one of the
major challenges to reducing the incidence of fractures in
the elderly [73–75]. This problem is particularly acute for
bisphosphonates, which must be taken following a strict
dosing procedure, and the introduction of weekly and
monthly oral formulations has only slightly improved
adherence or persistence [76–78]. Thus, BTM could be
useful in identifying a less-than-expected suppression of
bone turnover, which may suggest either persistence failure
(i.e., the patient has discontinued treatment) or that the
patient has not been fully compliant with the dosing

regimen [79]. Such findings could then be discussed with
the patient and corrective measures implemented. Alterna-
tively, inadequate suppression of BTMs might indicate poor
intestinal absorption of oral bisphosphonates. Unfortunate-
ly, these highly polar compounds are poorly absorbed by
the intestine [80], and low bioavailability may be more
frequent than generally thought, especially in elderly
patients. This problem might well be a frequent cause of
“treatment failure” of oral bisphosphonates. In such cases, a
change in treatment modality, e.g., switching from oral to
parenteral delivery or changing to a different agent or class
of medication, should be considered.

A few studies corroborate, at least in part, such premises.
In postmenopausal women treated with raloxifene, NTX
measurement and providing the patient with feedback
during treatment increased treatment adherence and persis-
tence [81]. However, discussion of NTX results had an
impact on adherence equivalent to interaction with a nurse,
suggesting that just having monitoring visits encouraged
patients to continue taking their medication [81]. On the
other hand, in the multinational Improving Measurements
of Persistence on Actonel Treatment Trial of vertebral
fractures in postmenopausal women, verbal feedback
regarding changing NTX levels had an effect on persis-
tence: Those who experienced a beneficial NTX response
became more persistent in their treatment, while those with
a poor BTM response became less persistent [82]. There-
fore, BTMs could be used to monitor biologic efficacy or
adherence to treatment with antiresorptive agents, although
this of course implies that BTMs be determined before
initiation of treatment, an action that cannot be recom-
mended in every patient evaluated for osteoporosis.

Selection of pharmacologic therapy

Patients with accelerated bone turnover tend to lose bone at
a faster rate than those with normal turnover; therefore, they
should be the best candidates for anti-resorptive therapy.
Earlier work demonstrated that postmenopausal women
with high-turnover osteoporosis responded to subcutaneous
salmon calcitonin therapy, with significant gains in verte-
bral bone density, as opposed to no changes observed in
individuals with normal bone remodeling [83]. Similar
results for estrogen replacement therapy were reported later
[84, 85]. Greater reduction in non-vertebral fractures was
observed in subjects with high PINP levels after alendronate
treatment [59]. However, no such differences were detected
after stratification by other markers, i.e., bone ALP or CTX
[59]; nor were they reproduced in other randomized clinical
trials of raloxifene or residronate [86, 87]. Despite these
somewhat contradictory results, the concept of tailoring
therapeutic strategies to bone turnover state remains valid,
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especially after the introduction of anabolic agents, which
can uncouple the remodeling cycle by stimulating bone
formation. Ideally, an anabolic agent would be more
appropriate than an antiresorptive in cases of low-bone-
turnover osteoporosis, as for example in chronic oral
corticosteroid users. With the caveat of a high degree of
biological variability, BTMs can certainly be considered in
specific cases when determination of bone turnover status is
felt to be important for therapeutic decisions.

Some concerns have been raised regarding the effect of
long-term treatment with bisphosphonates and the possible
effect of sustained suppression of bone remodeling. One
particular concern is microcracks, which normally accu-
mulate with age, increasing bone fragility [88]. In dogs,
microdamage accumulation has been observed after 12-
month treatment with alendronate, and this could increase
skeletal fragility, even though in that study, bone strength
and stiffness were not compromised [89]. That said, the
relevance of microcracks to fracture risk has been ques-
tioned, and no compelling data support the notion that
microcracks cause fractures [90]. A few reports of unusual
fractures of long bones after prolonged therapy with
bisphosphonates have recently come to light [91, 92].
Although in many of these cases “severe” suppression of
bone turnover has been reported on bone biopsy, the
pathogenesis of these unexpected fractures and their link
to prolonged bisphosphonate treatment and low bone
turnover remain obscure. Nonetheless, it is quite possible
that some of these patients may have been in a low turnover
state before starting bisphosphonate therapy and thus might
not have been the most appropriate candidates for such
agents. While a bone biopsy remains the best diagnostic
procedure to unambiguously determine the turnover state at
the tissue and cell level, as we learn more about the
pathogenesis of these atypical fractures, BTMs may be a
potentially useful aid in identifying subjects at risk of such
adverse events.

Conclusions

At present, BTMs are not routinely used in the clinical
setting. BMD is considered the method of choice for
diagnosing and measuring the severity of osteoporosis.
However, BTMs have a variety of potential clinical
applications based on their rapid response to treatment,
their value in monitoring compliance to medications, and in
guiding therapeutic decisions in certain cases. While BTMs
have not yet been universally accepted as diagnostic tools
for prediction of fracture risk and therapeutic efficacy in
clinical practice, methodological improvements may ulti-
mately make their use more common beyond the clinical
trial environment.
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