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of bone turnover are used to identify candidate 
agents in preclinical and clinical studies. In 
addition, head-to-head comparisons of treatments 
utilize these measures, because fracture endpoint 
trials would need to be extraordinarily large and 
complex. Analyses that have suggested that 
change in BMD or bone turnover ‘explains’ little of 
change in fracture risk with treatment appear to 
be flawed. Although neither can perfectly predict 
fracture, they are our current best alternatives.

A B S T R A C TA B S T R A C T

Introduction

Measurements of bone mineral density (BMD) and 
biochemical markers of bone turnover have been and 
continue to be used commonly in clinical practice and 
research in osteoporosis. Recently, however, several 
publications have challenged the relationship of BMD 
changes and efficacy1–4. Others have suggested that the 
effect of suppression of bone turnover by treatment is 
non-linear: that suppression beyond a certain amount 
has no additional effect on reducing fracture risk5. In 
contrast, a recent report from the Surgeon General of 

the United States affirms the importance and value of 
these measures as surrogates for fracture efficacy in 
clinical trials6. Considerable confusion has ensued, and 
both clinicians and researchers have doubts about the 
usefulness of BMD and biochemical markers of bone 
turnover in the management of osteoporosis. Further, 
although the importance of ‘bone quality’ has been 
discussed7, a reliable measure of bone quality that could 
be used by clinicians or researchers has so far not been 
identified. The objective of this paper is to revisit the 
evidence for using BMD and biochemical markers of 
bone turnover in clinical practice (diagnosis, prediction 

*  Portions of this paper were presented as a poster at the 10th annual meeting of the International Society for Clinical 
Densitometry, Miami, FL, USA, January 2004
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of fracture risk, assessment of treatment efficacy) 
and drug development, to attempt to clarify some 
areas of confusion, and to consider possible alternative 
measures.

Diagnosis of osteoporosis 
and prediction of fracture 
risk

Bone mineral density

At present, measurement of BMD is the accepted gold 
standard for diagnosis of osteoporosis8–13. BMD accounts 
for up to 85% of the variance in bone strength8, and 
exhibits a continuous association with strength, such 
that with each standard deviation (SD) decline in BMD 
the risk of fragility fracture approximately doubles14. 
Therefore, to the extent that fracture risk depends on 
bone strength, BMD will largely account for differences 
in fracture risk and will be a good surrogate measure 
of fracture risk. For example, the risk of fracture in an 
individual whose BMD is 3 SD below the population 
mean is 24 greater than the risk in an individual whose 
BMD is 1 SD above the mean (doubling risk four 
times = 16 times increased risk).

Biochemical markers of bone turnover

In contrast, biochemical markers of bone turnover 
(Table 1) cannot be used to make the diagnosis of 
osteoporosis. Biomarkers have limited usefulness in risk 
prediction, because associations with fracture risk have 
been inconsistent, are useful only in populations (not 
in individuals), and correlations with BMD are low15–17. 
Significant associations between high bone turnover 
and increased risk of fracture, for example, have been 
reported in some, but not all, studies18–21.

Following menopause, turnover markers increase 
on average 2 or 3 SD compared to premenopausal 
women22–25. Because this increase occurs around the time 
of menopause, it may account for some of the initial 
increase in fracture risk soon after menopause and for 
increases seen after stopping estrogen therapy20,24,26,27. 
After this early menopausal increase, however, turnover 
markers remain fairly constant for the remainder of 
life24, and thus appear unable to explain the substantial 
progressive increases in fracture risk that occur during 
subsequent decades. The relatively constant, albeit high, 
rate of turnover after menopause may partly explain why 
some studies have failed to detect an association between 
baseline marker levels and fracture risk15–17,28. However, the 
sustained high levels of bone turnover after meno pause, 
in which the rate of bone resorption consistently exceeds 
bone formation, do lead to progressive declines in BMD 
and deterioration of microarchitecture. This process 
results in the irreversible loss of structural elements, and 
accounts for much of the increase in fracture risk with 
advancing age observed among untreated women.

While biochemical markers of turnover have been 
shown to ‘predict’ bone loss after menopause29,30, they 
cannot be used to estimate either peak bone mass or 
the cumulative bone loss that has occurred in previous 
years. Because turnover markers cannot measure how 
much bone is present, they cannot be used to make 
the diagnosis of osteoporosis or to assess fracture 
risk. Consequently, the usefulness of bone turnover 
markers for these purposes, in the absence of BMD 
measurement, is some what uncertain at present.

Clinical risk factors

For most other risk factors the relative risk of fracture 
differs by two-fold or less. For example, prior fracture 
is associated with a doubling in risk of future fractures31. 
Moreover, age is an independent risk factor for fracture, 
and since BMD declines with age this leads to larger 
differences in risk than would be seen for the same BMD 
differences at any given age. Thus, an elderly woman with 
low BMD may have a risk of fracture that is many-fold 
higher than that of a young woman with high BMD. 
Falls are also important, but their role is independent of 
coexisting low BMD and difficult to quantify, especially in 
the elderly. The association of BMD with fracture risk is still 
strong after adjustment for clinical risk factors – including 
age and prior fracture – indicating that BMD operates 
independently of other risk factors and that assessment of 
risk factors cannot replace BMD measurement.

Evidence from bone biology

Bone resorption and formation are tightly coupled 
processes in young adults, but in the high turnover states 

Resorption
 Urine 
  N-telopeptide cross-links of type 1 collagen (uNTx) 
  C-telopeptide cross-links of type 1 collagen (uCTx) 
  Pyridinolines, free and total (Pyr) 
  Deoxypyridinolines, free and total (Dpd) 
 Serum 
  N-telopeptide cross-links of type 1 collagen (sNTx) 
  C-telopeptide cross-links of type 1 collagen (sCTx) 
  Cross-linked C-telopeptide of type 1 collagen (ICTP) 
  Tartrate-resistant acid phosphatase (TRAP) 
Formation
 Serum 
  Bone-specific alkaline phosphatase (BSAP) 
  Osteocalcin (OC) 
  Amino-terminal propeptide of type 1 collagen (P1NP) 
  Carboxy-terminal propeptide of type 1 collagen (P1CP) 

Table 1. Biochemical markers of bone turnover
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characteristic of menopause they become uncoupled, so 
that more bone is removed in each remodeling cycle than 
is replaced32. As this remodeling imbalance continues over 
time, bone mass is progressively lost and osteoporosis may 
ensue. Loss of structural elements of bone accompanies 
the loss of mass33. Trabeculae thin and may perforate or 
disappear completely; cortical bone thins and becomes 
increasingly porous33,34. Also, high turnover increases the 
number of resorption lacunae, or ‘stress risers’ – areas 
in trabecular bone that are thinner and thus prone to 
mechanical failure (fracture) when loaded (Figure 1). 
Furthermore, newly formed bone is relatively weak and 
secondary mineralization can take years to complete. 
When turnover is high remodeling occurs again in the same 
location before this process can be completed, resulting in 
lower mean tissue density and weaker bone. All of these 
processes can impair bone strength. While the complete 
loss of structural elements is generally irreversible, the 
decrease in bone strength associated with high bone 
turnover that results from increased stress risers and 
decreased bone mineralization is potentially revers ible. At 
present, though, these structural characteristics of bone 
cannot be measured routinely and non-invasively.

Most therapies for osteoporosis today are anti-
resorptive agents. The effect of anti-resorptive agents on 
fracture risk is accomplished by reducing bone resorption 

and the overall rate of bone turnover, thereby decreasing 
the number and depth of newly-activated remodeling 
units and allowing more complete filling and mineral-
ization of microscopic resorption craters. Because the 
primary effect of these drugs is on osteoclast activity, 
change in markers of bone resorption (and coupled 
bone formation) will precede and accompany change in 
BMD. Increases in BMD during the first few years are 
believed to result from re-filling of existing resorption 
sites with new bone, a process that takes months, and 
then for completion of both primary and secondary 
mineralization of new bone tissue, which may take 
up to several years35,36. BMD and turnover, which we 
can measure, reflect the tissue level events, which we 
cannot measure non-invasively.

Discovery and development 
of new treatments

Current standard practice

A routine approach to developing treatments for chronic 
conditions is to identify risk factors and determine 
if their modification is plausible. For osteoporosis, 
age, low BMD, and history of prior fracture are the 
most consistent and strongest predictors of fracture 
risk8,37,38. Age and history of prior fracture cannot be 
modified, so pharmacologic research has focused on 
maintaining or improving BMD to reduce fracture risk. 
As noted above, high bone turnover has been proposed 
as another modifiable risk factor, since it appears to be 
a contributing factor to progressive declines in BMD and 
microarchitecture (including increased stress risers and 
under-mineralized bone), and has been associated with 
fracture risk in some studies.

Effects on bone turnover and BMD are the only 
options currently available that can reasonably be used 
on a large scale in drug development to quantitate 
treatment effects. Preclinical studies that evaluate 
prospective agents in animal models utilize effects 
on bone turnover and BMD to measure efficacy and 
to evaluate likely dose ranges. In humans, measures 
of biochemical markers of bone turnover are used to 
establish an initial dose range, because they respond 
quickly to anti-resorptive therapy. Studies using a BMD 
endpoint, which must be longer in order to reliably 
detect change, are used to select the dose to be used in 
fracture trials.

Possible alternatives

What other clinical properties could be measured? 
Histomorphometry of an iliac crest biopsy, either 2- or 
3-dimensional, permits evaluation of some structural 

Figure 1. Diagrammatic representation of stress risers in 
trabecular bone. In osteoporotic bone, in which horizontal 

trabeculae have been lost, (shown on the right side of the figure) 
stress is concentrated in the vicinity of resorption cavities, and 

fractures occur, as indicated by the heavy black lines. In normal 
bone on the left, in contrast, cross-bracing from the horizontal 
trabecula stabilizes the vertical trabecula, despite the presence 
of resorption cavities. Adapted from Parfitt (1991)86 (Figure 

1, page 5B 45S), with permission from Excerpta Medica, Inc. 
(note: the adapted figure shows the normal and osteoporotic 
trabeculae, but does not show the after-treatment trabeculae 

that appeared in the original article)
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properties of bone, but the relationship of these to 
bone strength and fracture risk remains somewhat 
unclear39. Histomorphometry has a well-established role 
to identify osteomalacia (a condition characterized by 
increased osteoid and decreased mineralization rates), 
marrow fibrosis or other qualitative abnormalities of 
bone. In non-clinical studies measurement of trabecular 
bone volume by histology is useful, whereas this has 
limited value in clinical studies, because variability of 
histomorphometric measures is relatively large, and the 
procedures are invasive, tedious, and cumbersome40. As 
a consequence, it is difficult to conduct such studies and 
to demonstrate and replicate significant findings. Thus, 
the primary clinical use of these examinations to date 
has been to exclude toxicity by establishing that normal-
appearing bone is formed in response to treatment.

Although the Food and Drug Administration (FDA) 
and other regulatory agencies generally require evidence 
of fracture reduction in osteoporotic patients in order to 
grant a ‘treatment’ indication to a new agent, supporting 
evidence of positive effects on BMD and bone turnover 
are necessary elements in an application. However, 
after a therapeutic agent has received a treatment 
indication, demonstrating sustained comparable effects 
on bone turnover and BMD may be adequate for 
approval of alternate formulations (such as weekly 
dosing) and indications (such as prevention of bone 
loss or osteoporosis). The underlying assumption is 
that lowering turnover and maintaining BMD will 
prevent consequent loss of bone structural elements and 
progressive increase in fracture risk41–43. The lowest dose 
that prevents bone loss in the great majority of subjects 
is generally chosen.

Indicators of anti-fracture 
efficacy

Approval of new treatments for osteoporosis has 
depended, in the past, on demonstration of efficacy 
as measured by fracture reduction. Now that effective 
treatments are available, the ethics of conducting 
placebo-controlled trials, especially those with fracture 
endpoints, are under debate. The prevailing opinion of 
ethicists seems to be that new agents should be evaluated 
in comparison to current treatments to demonstrate 
equivalence, non-inferiority, or superiority44.

Head-to-head trials of two active treatments are often 
used to demonstrate that the agents are equivalent 
or that one is superior to the other. Unfortunately, 
extremely large studies would be necessary to detect 
meaningful differences (or to confirm similarities) 
between therapeutic agents using fracture endpoints, 
because fractures are simply too infrequent, even in 
high-risk populations45. Moreover, such trials must 

be conducted with extraordinary attention to detail 
(further increasing difficulty and cost), because errors 
in conduct multiply their potential for bias in estimating 
equivalence or superiority46. Trials in lower-risk 
populations would need to be even larger and of longer 
duration, because the incidence of low-trauma fractures 
is lower in patients with osteopenia than in patients 
with osteoporosis47. As a consequence, the total number 
of fractures would be expected to be smaller and the 
proportion of all fractures that result from substantial 
trauma (sufficient to fracture normal bone), rather than 
from low BMD, would be greater47.

Change in BMD or markers of bone 
turnover and fracture risk

One possible alternative for the class of anti-resorptive 
agents, which share the primary operational mechanism 
of inhibiting bone resorption and reducing the rate 
of bone turnover, is to use changes in BMD and/or 
biochemical markers of bone turnover during therapy as 
surrogate endpoints. A number of analytic methods have 
been used in attempts to evaluate BMD and turnover 
changes for this purpose; differences in interpretation 
and differences in results among studies have led to 
confusion and controversy.

Change in BMD measured by dual-energy X-ray 
absorptiometry (DXA) seems to underestimate fracture 
reduction associated with anti-resorptive treatment48. 
Nonetheless, for anti-resorptive agents, changes in 
BMD and bone turnover are robust, graded predictors 
of fracture risk reduction: in at-risk populations, the 
greater the change, the larger the reduction in fracture 
risk1,21,49,50. Although one report suggested that decreases 
in bone turnover beyond a certain point had no greater 
benefit on reducing vertebral fracture risk5, a larger 
study found no evidence of such a plateau for either 
vertebral or non-vertebral fracture21 (Figure 2). Because 
this area is so controversial, the findings deserve further 
scrutiny and perspective.

Two meta-regression analyses of anti-resorptive agents 
reported that reductions in vertebral fracture risk were 
twice as large for agents that produced the largest BMD 
increases at the spine or hip, compared to agents that 
had little or no effect on BMD1,50. Some have interpreted 
this as suggesting that about 50% of vertebral fracture 
risk reduction is attributable to change in BMD. A 
similar meta-regression analysis of nonvertebral fracture 
risk found that agents that had little or no effect on 
BMD (or on bone turnover) did not reduce the risk of 
nonvertebral fractures, and that fracture risk reductions 
increased progressively in proportion to the magnitude 
of changes in BMD and turnover49.

These results suggest that changes in BMD (and/or 
bone turnover) might be responsible for a majority of 
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the therapeutic effect on fracture risk. On the other 
hand, some analyses have suggested that the proportion 
of vertebral fracture risk reductions during treatment 
that are ‘explained’ by BMD is as low as 4 to 10%2,3,51,52, 
whereas others reported values as high as 83%53. Why 
does such a wide range of estimates exist? Which is 
correct? Which, if any, is appropriate for clinical use?

Surrogate markers

Ideally, the surrogate marker should lie directly in the 
causal pathway between treatment and outcome and 
mediate the effect of treatment on clinical outcome, 
and measured changes in the surrogate should reflect 
these effects. Freedman et al. proposed a statistical 
technique for validating the usefulness of surrogates54. 
Because the low estimates cited above were calculated 
using Freedman-type analysis, and because of the 
increasing reliance on fracture surrogates, it is useful to 
examine the method in greater detail.

In the Freedman-type analyses by Shih et al.53, 
data from one clinical trial, in which treatment with 
alendronate was associated with a statistically significant 
increase in BMD, decrease in bone turnover, and 
reduction in risk of fracture, were examined using 24 
separate statistical models (Tables 2 and 3). Depending 
only on the choice of covariates and site of BMD 
measurement that are entered into the equation for 
predicting fracture risk reduction, the proportion of 
the risk reduction ‘explained’ by change in BMD during 
treatment ranged from 3% to 83%. In 18 of the models, 
BMD accounted for 60% or more of treatment-related 
vertebral fracture risk reductions. Others have also 
reported highly variable results using the Freedman 
analysis, even within one set of data, depending on 
which variables were included in the mathematical 
model55–57.

Treatment decisions are unlikely to be based on 
considerations such as the proportion of treatment 
effect ‘explained’, since the concept lacks practical 

Figure 2. Relation between change in biochemical marker of bone turnover (bone-specific alkaline phosphatase, BSAP) and 
fracture risk among women treated with alendronate. The mean (SD) one-year change in BSAP was 13.7 (4.4) ng/ml. (a) 
Vertebral; (b) non-vertebral and (c) hip fracture risk. Regardless of whether the association of BSAP with vertebral, non-
vertebral, or hip fracture is considered, the relation is continuous. There is no evidence of a threshold or plateau for the 

relationship between decreases in bone turnover and vertebral fracture risk. The authors gratefully acknowledge Dr. Douglas 
Bauer for providing this figure

Vertebral fracture arm Clinical fracture armBMD sites With or with-
out baseline of
each BMD site 

BMD actual value BMD % change from
baseline

BMD actual value BMD % change from
baseline

L-spine W 26.5% (7.7 to 57.5%) 27.8% (9.0 to 59.4%) 9.6% (–23.9 to 53.5%) 11.2% (–21.9 to 56.6%)
W/O 16.5% (7.6 to 32.8%) 18.8% (2.8 to 43.5%) 14.0% (5.3 to 39.6%) 6.1% (–27.2 to 46.2%)

Total hip W 25.8% (11.4 to 50.8%) 23.1% (9.5 to 46.2%) 8.4% (–15.2 to 42.0%) 8.3% (–15.4 to 41.8%)
W/O 10.6% (3.3 to 22.1%) 20.8% (8.6 to 41.5%) 16.0% (7.1 to 44.2%) 3.0% (–20.3 to 29.8%)

Trochanter W 28.3% (13.3 to 54.8%) 24.3% (10.3 to 48.3%) 11.1% (–10.3 to 45.8%) 10.9% (–10.5 to 45.5%)
W/O 13.6% (5.4 to 27.2%) 20.2% (8.9 to 39.9%) 16.9% (7.8 to 46.4%) 5.4% (–15.8 to 33.2%)

Combination W 46.3% (23.0 to 89.1%) 45.2% (22.5 to 87.1%) 14.6% (–23.1 to 68.4%) 16.3% (–21.0 to 71.5%)
W/O 19.2% (9.3 to 37.1%) 36.4% (16.8 to 71.3%) 19.8% (8.9 to 54.6%) 8.7% (–28.1 to 55.0%)

Table 2. Percent of vertebral fracture risk reduction ‘explained’ by BMD (95% CI) at 1 year
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clinical meaning. Thus, the Freedman method is not 
a valid or useful means of assessing the association 
between BMD or turnover and fracture risk in order to 
make clinical management decisions.

Finally, participants are likely to have similar responses 
to the treatment in any single study, and the dynamic 
range of response is limited. As a consequence, it may 
be more useful to look at associations by pooling studies 
to examine responses over a wider range, as was done 
in the meta-regression analyses1,49,50, rather than limiting 
analyses to a single study. Analyses similar to that done 
by Hochberg and colleagues have been used in studies 
of other chronic diseases to evaluate the relationship 
between surrogates and clinical outcomes and to predict 
their efficacy.

Findings from clinical trials of anti-
resorptive agents

Examples from the clinical trial literature of anti-
resorptive agents are consistent with predictions 
based on these meta-regression analyses. For example, 
raloxifene has a relatively modest effect on BMD and 
bone turnover markers, and has shown a significant 
reduction in vertebral, but not non-vertebral, fracture 
risk in placebo-controlled trials58. Only potent anti-
resorptive agents such as alendronate and risedronate, 
which have shown substantially greater effects on BMD 
and turnover, have demonstrated reduction in the risk 
of both vertebral and non-vertebral fractures59–61.

Effects on bone turnover can be measured within 
weeks or months of initiating treatment, effects on 
BMD within months, and effects on fracture risk follow 
soon after effects on BMD, also within months62–67. The 
maximal effect of treatment on bone turnover is realized 
within the first 3 (resorption) to 6 (resorption-coupled 
formation) months of treatment, while BMD at sites with 
substantial trabecular content continues to increase for 
years (up to at least 10 years with alendronate68 and at 
least 5 to 7 years with risedronate69,70) depending on the 
agent and the site of BMD measurement. Much of the 

initial reduction in fracture risk, especially spine fracture, 
may be accounted for by early changes in bone turnover 
and BMD, followed later by additional increases in BMD 
as the new bone matrix becomes fully mineralized. Thus, 
increases in BMD during the first 6 months may primarily 
represent refilling of existing remodeling sites – although 
these BMD increases are relatively small, they translate 
into disproportionately large increases in bone strength. 
Decrease in the proportion of ‘immature’, incompletely 
mineralized bone may contribute to increased bone 
strength. Long-term non-vertebral fracture reduction may 
depend more on continued accrual of bone (or prevention 
of bone loss relative to untreated patients) than on 
turnover effects, still bearing in mind that reduction in 
turnover mediates increases in BMD.

Effects of discontinuation of treatment

The role of BMD and bone turnover in fracture risk 
is further exemplified by examining the resolution of 
effect when treatment is discontinued. When hormone 
therapy is stopped, bone turnover increases almost 
immediately, to levels at or higher than pre-treatment 
baseline27,71. BMD is lost at high rates, comparable to 
those seen immediately after menopause71,72. It seems 
plausible to suggest that this sudden increase in skeletal 
metabolic activity, which would produce increased 
numbers of resorption cavities to act as stress risers 
and the higher proportion of immature, incompletely 
mineralized bone would decrease average mineralization, 
could be associated with an increased fracture risk, and 
some data suggest that this is so73,74. Are aspects of 
bone structure likely to be simultaneously affected? 
Yes, of course, and these changes, which we cannot 
currently measure in vivo, are likely to contribute to the 
increased risk of fracture. In contrast, among women 
who discontinued alendronate after up to 5 years of 
treatment, bone turnover increased slightly but, on 
average, remained within the normal premenopausal 
range, BMD remained stable at the spine and total 
body (loss at the total hip was significant and averaged 

Table 3. Percent of vertebral fracture risk reduction ‘explained’ by BMD (95% CI) at end of study (3–4 years)

Vertebral fracture arm Clinical fracture armBMD sites With or with-
out baseline of
each BMD site 

BMD actual value BMD % change from
baseline

BMD actual value BMD % change from
baseline

L-spine W 22.3% (–2.6 to 56.5%) 29.7% (5.7 to 66.0%) 27.4% (–8.0 to 91.2%) 21.5% (–14.8 to 80.6%)
W/O 25.6% (14.4 to 47.7%) 20.4% (–1.5 to 50.7%) 24.7% (10.8 to 66.7%) 22.2% (–13.7 to 81.9%)

Total hip W 79.0% (49.8 to 137.5%) 74.8% (46.7 to 130.6%) 72.9% (34.5 to 205.6%) 71.9% (33.4 to 203.6%)
W/O 26.0% (15.0 to 46.7%) 77.2% (49.3 to 133.7%) 42.0% (22.7 to 155.6%) 74.0% (35.8 to 208.0%)

Trochanter W 78.0% (49.1 to 135.8%) 71.8% (44.6 to 125.7%) 68.1% (30.3 to 194.2%) 68.6% (30.6 to 195.3%)
W/O 31.5% (18.8 to 55.8%) 71.5% (45.1 to 124.5%) 45.3% (24.5 to 124.6%) 72.2% (33.9 to 203.9%)

Combination W 80.1% (45.9 to 145.5%) 82.5% (48.6 to 147.4%) 64.1% (23.6 to 171.4%) 61.2% (20.3 to 167.7%)
W/O 35.0% (20.9 to 62.8%) 78.8% (47.1 to 140.3%) 44.3% (23.7 to 115.7%) 66.6% (25.7 to 178.9%)
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1.8%), and no significant increase in fracture risk was 
observed during the next 5 years68. However, this study 
was small, so confidence intervals around the estimates 
are wide, and a small increase in fracture risk after 
discontinuation cannot be ruled out. In each of these 
instances, observations of turnover and BMD correlate 
well with fracture experience.

It must also be remembered that BMD as measured 
by our current techniques is not capturing a simple, 
single property of bone, but rather represents a summary 
measure of several properties that contribute to bone 
strength: the amount of bone present, the amount 
of mineral present (a reflection of the extent of 
mineralization), and, to some extent, the size of the 
bone, because BMD is an areal measure. One can argue, 
as Delmas and Seeman4 did recently, that the site at 
which bone is formed will importantly affect strength, 
so bone formed at a stress riser may have a greater 
effect than would bone formed at another site; however, 
regardless of where the bone is formed, it will have an 
effect on measured BMD. Change in BMD and change 
in fracture risk will not show a one-to-one correlation, 
for all the reasons previously described. Nevertheless, a 
strong and consistent correlation does exist.

Given the evidence summarized above, many currently 
accept changes in BMD and turnover markers as indicators 
of therapeutic efficacy48. For example, the criterion for 
therapeutic equivalence of weekly versus daily dosing 
for alendronate and risedronate was based on equivalent 
BMD changes on a background of continued stable 
reductions in bone turnover75,76, and results from head-
to-head trials with BMD and bone turnover endpoints 
have also been interpreted as providing information about 
relative therapeutic efficacy77–85.

Conclusions

In summary, bone turnover markers and BMD are 
measures that serve a wide range of purposes in research 
and clinical practice. They remain an important means 
of evaluating and comparing treatment efficacy, in the 
absence of adequate fracture endpoint trials. In his 
recent report, the U.S. Surgeon General specifically 
recom mended their use in clinical trials of therapeutic 
agents6. Although neither BMD nor bone turnover is a 
perfect predictor, useful alternatives do not, at present, 
exist for either the researcher or the clinician.
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