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Bone remodeling markers: so easy to measure,
so difficult to interpret
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Dear Editor,
Naylor et al. report that the degree of suppression of bone re-
modeling markers in response to risedronate is less than with
alendronate or ibandronate [1]. This observation and the lesser
increase in spine bone mineral density (BMD) in the risedronate
group reported previously [2] imply that preservation of struc-
ture and fracture risk reductionmay be less with risedronate than
with the other bisphosphonates.

Risedronate is a more potent inhibitor of farnesyl pyrophos-
phate synthase than alendronate or ibandronate [3–5].
Risedronate also has a lower binding affinity for mineral so that
this drug is likely to be more widely distributed throughout the
cortical matrix volume [6–9]. Risedronate should therefore sup-
press intracortical remodeling more than alendronate or
ibandronate. In animal experiments, where factors influencing
remodeling independent of the treatment can be better con-
trolled, risedronate suppresses remodeling sooner than, and to
a similar degree as, alendronate [10–12].

The discrepant observations in human subjects and in studies
in animals and pharmacokinetics may be partly the result of
issues in the execution of clinical studies and data analyses.

For example, the median baseline remodeling was lower in
the risedronate group. Even if not ‘statistically’ significant, ex-
pressing change as a percent of baseline may produce a bias
such that the alendronate and ibandronate groups with higher
baseline values tend to have a greater improvement in a repeat
measurement even in the absence of any treatment effect. This
regression to the mean of the repeat measurements may have
accounted for the purported lesser reduction in remodeling
markers in the risedronate group. Analysis of covariance, which
takes baseline remodeling marker levels into account, does not
appear to have been done.

Another challenge is that remodeling markers are not nor-
mally distributed. The authors realized this and did log trans-
form the data, but whether the log-transformed data, expressed
as mean±standard error of the mean (SEM), were used to com-
pare the reduction in markers in response to treatment is not
clear. Presenting the SEMs in Fig. 1 obscures large overlap of
individual values in the three groups that can be seen from the
wide 95 % confidence intervals around the means in Table 2.
Indeed, while comparison of the decrease in remodeling
markers relative to baseline within a group was done, between
group statistical comparisons of the decreases in remodeling
markers with each drug appear to have been done at separate
time points increasing the likelihood of a type II error rather
than systematically testing between group differences in an
analysis of covariance model.

The authors used the least significant change (LSC) to deter-
mine whether a change within an individual exceeded random
variation induced by measurement error and so identified a re-
sponder. However, the LSC approach only controls for a type I
error (i.e., false positive), not a type II error (i.e., sensitivity).
Thus, when a measured change is the same as the LSC, only
50 % of real changes are detected [13].

Despite “poorer” compliance in 68 subjects, it seems all 172
subjects were included in the analysis of the responses of bone
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markers to each drug. If so, how can responses to the treatments
be evaluated or compared if compliance differed by group? The
same applies to dropouts; by 2 years, data were available in 92
subjects. Figure 1 drawn using subjects with good compliance
throughout the 2 years would be of interest. Moreover, variances
differ from marker to marker so comparisons within a group of
the decrease in a ‘resorption’ marker with another ‘resorption’
marker or with a ‘formation’ marker using a percentage scale
may be misleading. For example, a 4 % difference in height is
not less than a 10 % difference in weight—each is 1 standard-
ized deviation of their respective means.

Remodeling markers are referred as ‘resorption’ and ‘for-
mation’ markers under the assumption that these are surro-
gates of the respective cellular events. This jargon is used
widely, if not universally, without specifying whether the
terms refer to the volumes of bone resorbed and formed by
the BMU, the numbers of BMUs remodeling the skeleton,
both, or include the cellular activity of modeling. Remodeling
markers cannot distinguish between these alternatives and
cannot identify whether the cellular activity occurs upon the
periosteal or endosteal (intracortical, endocortical, or trabecu-
lar) envelopes.

The justification for the use of this terminology is partly the
result of correlations of around 0.4–0.5 between resorption
and formation markers and the respective surface extent of
resorption and formation using histomorphometry or respec-
tive kinetic measures derived using isotopic methods [14, 15].
These weak correlations indicate that little of the variance in
these referents is explained by the markers. Even if the corre-
lations were high, these associations do not justify the use of
this terminology because the surface extent of resorption and
formation in a biopsy or turnover rates determined using iso-
topic methods reflect remodeling rate, not the net volumes of
bone resorbed from the skeleton or deposited upon it, and so
the terms do not capture the changes in bone microstructure
that result when remodeling is suppressed by antiresorptive
therapy.

During the first 3 months of antiresorptive therapy, the
reduction in the concentration of a ‘resorption’ marker in a
blood sample reflects the rapid reduction in the number and
depth of BMUs excavating bone as osteoclasts imbibe
bisphosphonate-laden matrix around the time of blood sam-
pling. As the formation phase of a BMU is delayed by about
7 days (the reversal phase) and proceeds during 3 months [16,
17], more slowly than the 3 weeks of the resorption phase, the
lesser reduction in the concentration of a ‘formation’ marker
(relative to its baseline) in the same blood sample is the result
of bone formation by the many more BMUs excavating bone
before treatment. Thus, assessing differences in compliance or
effectiveness of drugs using P1NP is inappropriate at early
time points when steady state remodeling is acutely perturbed.

Comparing the degree of remodeling suppression produced
by drugs using remodeling markers requires that steady state

remodeling be restored. This occurs when therapy has been
administered at around 6–12 months or later. However, if
there has been attrition of subjects or poor compliance, com-
parisons within or between groups become problematic be-
cause randomization may be violated and factors other than
the drugs influencing remodeling may differ in the three
groups.

Finding a lesser reduction in ‘formation’ markers than ‘re-
sorption’ markers or a larger surface extent of forming than
resorbing surfaces using histomorphometry can be
misinterpreted to mean that a drug has a ‘dual action’;
inhibiting ‘resorption’ and allowing ‘formation’ to continue.
Deriving a BMU balance by comparing ‘resorption’ and ‘for-
mation’ markers is also problematic given that at no time,
whether early or late in treatment, are concentrations of ‘re-
sorption’ or ‘formation’ markers in a blood sample arising
from the same BMU [18, 19].

Using bone remodeling markers to interpret bone remod-
eling at the cellular BMU level or endosteal surface level in
health, disease, aging, and drug therapy is fraught with chal-
lenges, particularly when the markers are referred to as ‘re-
sorption’ and ‘formation’ markers, terminology implying the
markers are accurate surrogates of these cellular events. This
terminology is best avoided given that the terms may refer to
cellular events of resorption and formation by the BMU, the
surface extents of resorption and formation, or resorptive or
formative modeling. The non-normal distribution of markers
and their differing variances complicate analyses calling for a
need to design studies that match groups by distribution of
baseline remodeling, that ensure compliance and retention of
subjects, and avoid using percentages, a deceptively simple
scale. There are some things statistics cannot ‘adjust for.’
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