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Abstract

Summary This position paper reviews how the National
Bone Health Alliance (NBHA) will execute a project to help
assure health professionals of the clinical utility of bone
turnover markers; the current clinical approaches concern-
ing osteoporosis and the status and use of bone turnover
markers in the USA; the rationale for focusing this effort
around two specific bone turnover markers; the need to
standardize bone marker sample collection procedures,
reference ranges, and bone turnover marker assays in clin-
ical laboratories; and the importance of harmonization for
future research of bone turnover markers.
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Introduction Osteoporosis is a major global health problem,
with the prevalence and incidence of osteoporosis for at-risk
populations estimated to be 44 million Americans. The poten-
tial of bone markers as an additional tool for health care
professionals to improve patient outcomes and impact mor-
bidity and mortality is crucial in providing better health care
and addressing rising health care costs. This need to advance
the field of bone turnover markers has been recognized by a
number of organizations, including the International Osteopo-
rosis Foundation (IOF), National Osteoporosis Foundation,
International Federation of Clinical Chemistry, and Labora-
tory Medicine (IFCC), and the NBHA.
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Methods This position paper elucidates how this project
will standardize bone turnover marker sample collection
procedures in the USA, establish a USA reference range
for one bone formation (serum procollagen type I N propep-
tide, s-PINP) and one bone resorption (serum C-terminal
telopeptide of type I collagen, s-CTX) marker, and stand-
ardize bone turnover marker assays used in clinical labora-
tories. This effort will allow clinicians from the USA to have
confidence in their use of bone turnover markers to help
monitor osteoporosis treatment and assess future fracture
risk. This project builds on the recommendations of the
IOF/IFCC Bone Marker Standards Working Group by
developing USA reference standards for s-PINP and s-
CTX, the markers identified as most promising for use as
reference markers.

Results The goals of this project will be realized through the
NBHA and will include its governmental, academic, for-
profit, and non-profit sector stakeholders as well as major
academic and commercial laboratories. Upon completion, a
parallel effort will be pursued to make bone turnover marker
measurements reliable and accepted by all health care pro-
fessionals for facilitating treatment decisions and ultimately
be reimbursed by all health insurance payers.

Conclusions Successful completion of this project will help
assure health professionals from the USA of the clinical
utility of bone turnover markers and ties in with the parallel
effort of the IOF/IFCC to develop worldwide bone turnover
reference ranges.

Keywords Bone turnover markers - Position paper

Introduction

There has been a recognized need to advance the field of
bone turnover markers from the International Osteoporosis
Foundation (IOF), International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC), National
Osteoporosis Foundation, and the National Bone Health
Alliance (NBHA), among others [1, 2]. The scientific triad
of standardization, harmonization, and more comprehensive
reference population databases are vital steps towards opti-
mization of bone turnover markers for the management of
osteoporosis. This position paper is one of two papers: this
paper will focus on the current approaches and needs for the
advancement of bone turnover markers, while the second
paper will explore the scientific data and identify future
research needs to help advance this field.

This position paper sets out to review:

* How the NBHA, building on the recommendations of the
IOF/IFCC Bone Markers Working Group, will execute a
project involving experts from academia, government,
non-profit organizations, and industry to help assure
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health professionals of the clinical utility of bone turnover
markers;

* The current clinical approaches concerning osteoporosis
and the status and use of bone turnover markers in the
USA;

* The rationale for focusing this effort around two specific
bone turnover markers: N-terminal propeptides of type I
procollagen (s-PINP) and C-terminal cross-linking telo-
peptides of type 1 collagen (s-CTX);

* The need to standardize bone marker sample collection
procedures, reference ranges, and bone turnover marker
assays in clinical laboratories; and

* The importance of harmonization for future research of
bone turnover markers.

Previous and ongoing efforts by other groups

Recently, the IOF/IFCC Bone Markers Working Group [3]
reviewed the literature to determine the clinical potential of
bone turnover markers, which includes the prediction of
fracture risk and monitoring the treatment of osteoporosis.
The working group also provided recommendations for
clinical use and set an appropriate research agenda.

The IOF/IFCC working group also identified one bone
resorption marker (serum C-terminal telopeptide of type I
collagen) and one bone formation marker (serum procol-
lagen type I N propeptide) to be used as reference markers
and measured by standardized assays in observational
and intervention studies. This was suggested to compare
the performance of alternatives and to enlarge the interna-
tional experience of the application of markers to clinical
medicine. Based on these recommendations, only these
two markers, s-PINP and s-CTX, will be addressed in
this paper. The origins of these markers are shown in
Fig. 1.

During bone resorption, type 1 collagen is degraded by
cathepsin K to cleave serum s-NTX from the amino (N)-
terminal end and s-CTX from the carboxy (C)-terminal end.
s-NTX and s-CTX make their way into the circulation where
their concentration provides information regarding the level
of ongoing bone resorption. s-CTX has been selected as the
reference marker of bone resorption. Note: figure is not to
scale.

The IOF/IFCC reviewed a few reports that supported the
potential of high levels of bone turnover markers to predict
fracture risk independently from bone mineral density in
postmenopausal women, but highlighted the need for addi-
tional research regarding the utility of bone turnover
markers before widespread clinical practice use. The review
did find that bone turnover markers provide pharmacody-
namic information of response of osteoporosis treatment and
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Fig. 1 During new bone formation, type I procollagen is a triple
helical structure composed of two pro alpha-1 chains shown in purple
and one pro alpha-2 chain shown in blue. Type 1 procollagen is made
in the osteoblast and secreted into new bone matrix. In the bone matrix,
procollagen peptidases cleave off PINP from the amino (V) terminal

proposed their usefulness for monitoring treatment in indi-
vidual patients. However, the clinical utility of bone turn-
over markers for monitoring treatment in patients is
suboptimal for multiple reasons. These include inadequate
quality control, limited data comparing the impact of bone
turnover changes with treatments over time and biological/
analytical variability, and inadequate normative reference
population databases.

The IOF/IFCC working group also recommended the
development of a reference measurement system. Secondary
reference materials will be produced and distributed to the
manufacturers of commercial assays in order to calibrate
and audit reference measurement procedures which can then
be traced to the primary reference material. A reference
measurement system consisting of a reference method (i.e.,
a measurement procedure based on isotope dilution mass
spectrometry) and primary reference materials (i.e., highly
purified s-CTX) is currently not available to assign target
values to secondary reference materials.

As an interim solution, the IOF/IFCC recommended a
strategy of harmonization of assays involving compar-
ison studies between different routine clinical assays.
This would be done by distributing a panel of human
samples which would be compared to the overall mean
for all assays. This would identify bias for each com-
mercial assay which can then be corrected to obtain a
consensus mean and harmonization of results. This step-
wise approach of first harmonizing using an overall
mean and then standardizing bone marker measurements
by using primary reference materials would advance the
application of bone turnover markers in clinical medi-
cine worldwide.

Type | Procollagen

Bone Collagen Degradation
Type | Collagen

N-Telopeptide (NTx}

o IR o

C-Telopeptide (CTx)

end and PICP from the carboxy (C)-terminal end of type 1 procollagen
resulting in mature type 1 collagen. PINP and PICP make their way
into the circulation where their concentration provides information
regarding new bone formation. PINP has been selected as the reference
marker of bone formation

Current approaches and bone turnover markers

Bone mineral density testing is often performed every 1 to
2 years to monitor and/or detect possible bone loss, predict
future fracture risk, and measure response to pharmacological
therapy. Bone turnover markers may assess a response to
treatment earlier than bone mineral density testing to assist
clinicians in the management of their patients. Over time, bone
mineral density changes slowly in most, but not all, metabolic
bone disease states. There has been increased interest in com-
bining these two assessments harmoniously to manage osteo-
porosis as well as other metabolic bone disease states.

One potential advantage of using bone turnover markers in
clinical practice is that they could be used to detect treatment
efficacy sooner than dual X-ray absorptiometry (DXA). Early
changes in bone turnover markers could be applied to measure
the clinical efficacy of an antiresorptive and/or an anabolic
treatment, and are valuable to reinforce patient compliance to
treatment regimens. Bone turnover markers could also be
potentially used as an adjunct to bone density in making
clinical decisions to initiate therapy or monitor bone turnover
when drug therapy is terminated. All of these monitoring
strategies should be aimed at reducing the morbidity and
mortality caused by osteoporotic fractures. Bone turnover
markers could also be utilized in clinical practice to monitor
adherence to therapy and provide feedback to health profes-
sionals and patients about whether to continue or change their
treatment regimen(s).

Research and development over the past decade have
generated sophisticated, widely available bone turnover
markers which measure proteins metabolites released from
the bone in the breakdown phase of resorption or the
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renewal phase of formation of bone. For several years,
biochemical markers have been used in clinical trials as
supportive data and registration for documenting the effects
of drugs on the skeleton and in particular on skeletal remod-
eling. However, shortcomings include considerable short-
and long-term biological fluctuations (e.g., diurnal variabil-
ity), lifestyle and diet, as well as technical variability (inter-
and intra-laboratory sample collection and analysis). These
shortcomings need to be addressed to optimize the use of
bone turnover markers in clinical practice.

Current regulatory status of markers in the USA

The s-PINP assays may be offered as total s-PINP assays
which measure both the trimeric and monomer forms of PINP
or as intact s-PINP assays that measure the trimeric isomer
alone. To date, the FDA has cleared only one serum PINP
assay in the USA, the intact s-PINP assay manufactured by
Orion Diagnostica utilizing a manual radioimmunoassay.

A fully automated total s-PINP assay manufactured by
Roche Diagnostics is available in Europe. More recently,
Immunodiagnostic Systems (IDS) introduced a fully automated
s-PINP assay that measures the intact trimeric form alone. Since
these s-PINP assays employ different antibodies, differences in
specificity may be observed in samples with varying trimeric
and monomer ratios in certain disease states (i.e., renal failure)
and storage conditions. In addition, the PINP trimer is the only
form that is not affected as renal function declines.

Regarding s-CTX, both Roche Diagnostics and IDS offer
fully automated assays on their respective platforms in the
USA as well as Europe. These s-CTX assays employ the
same primary (capture) antibody and detect the C-terminal
octapeptide.

Pre-analytical sources of variation and control

The successful use of bone turnover markers in clinical trials
and practice requires maximizing the accuracy and precision
of the assays. To that effect, sources of pre-analytical and
analytical variation need to be controlled to facilitate the
detection of any true change in bone turnover markers. To
ensure accuracy, samples for bone turnover markers must be
collected, processed, and stored following established stand-
ardized procedures.

Pre-analytical sources of variation in bone turnover
marker measurements may be divided into controllable
variations such as circadian rhythm, meal status and
exercise, as well as uncontrollable variations such as
age, menopausal status, gender, and disease state [3].
Among the controllable variations, circadian rhythm is a
key contributor, especially in resorption markers such as
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s-CTX. Peak s-CTX levels that normally occur in the
early morning hours can be twice as high as the trough
levels that occur in the mid-afternoon [4].

Therefore, it is critical that resorption markers be collected
consistently at the same time of the day, preferably early
morning, so current reference ranges based on similar collec-
tion conditions may be used. This also ensures that serial
measurements will have clinical meaning. Another important
pre-analytical consideration is the marked influence of s-CTX
by meal status. Therefore samples must be collected in the
fasted state. Most bone formation markers have relatively
small circadian variation and little impact by food intake [5].
Nevertheless, when s-CTX, a resorption marker, and s-PINP, a
formation marker, are measured in the same sample, early
morning samples after an overnight fast are recommended.

Bone turnover marker samples should be stored appro-
priately and analyzed within a defined stability time period
to avoid analyte deterioration. Because of the robustness of
s-PINP, it may be analyzed when required collection con-
ditions for s-CTX are not met. Careful pre-analytical control
will ensure consistent bone turnover marker results.

EDTA plasma is the preferred sample type for s-CTX
because of its superior analyte stability. The use of EDTA
plasma is especially helpful when stringent sample handling
conditions cannot be guaranteed. Although Roche Diagnos-
tics and IDS both list serum and EDTA plasma as acceptable
sample types for s-PINP, Orion Diagnostica recommends
only serum in their FDA-cleared radio immunoassay pack-
age insert.

Analytical control

The accuracy of measurements depends on the antibody
specificity, calibrator standardization, the analytical plat-
form, and other assay specifics. Analytical sources of varia-
tion are related to the assays used and the execution of the
measurements.

Intra-assay (within run) and inter-assay (among run) pre-
cision is normally monitored by including three levels of
quality control samples with each test run of patient sam-
ples. The matrix of the control samples should be similar to
that of patient samples in order to detect assay performance
issues that include reagents, calibrations and instrument and
operator techniques. In clinical trial support, serial bone
turnover marker samples from each subject are usually
analyzed together in a batch to ensure consistency. In clin-
ical practice, where batch analysis is often not an option, it is
crucial that acceptable inter-assay precision be maintained.

Assay accuracy must be ensured through external sur-
veillance (external proficiency testing, whereby blinded
samples are analyzed on a regular schedule). This ensures
the short-term and long-term consistency of assay
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performance. Among lab standardization to have the same
accuracy target is essential for a universal reference range
and proper medical decision points to be adopted.

Requirements to ensure clinical utility

In addition to the requirements for establishing an assay’s
analytic validity, it is also essential to address the assay’s
clinical validity and utility, which ultimately guide the clin-
ical use of a test. The definition of clinical validity is how
well a test detects the presence, absence, or risk of a disease
or condition. Clinical validity is largely dependent on the
intrinsic properties of the test. Clinical utility, on the other
hand, indicates whether a test is relevant to clinical practice.
Thus, for a test to have clinical utility, it must provide
information about the diagnosis, prognosis, prevention,
treatment, management, or disease outcomes. Table 1 con-
tains a list of examples of conditions for ensuring clinical
utility of a bone turnover marker assay.

Harmonization

Because of the lack of a reference measurement system, bone
marker measurements cannot be calibrated and linked to a
higher order standard such as primary reference material or
reference measurement procedure. Therefore, bone marker
measurements cannot be standardized at this time. However,

through a harmonization approach, bone marker measurements
can be linked to panels of human samples that have values
assigned through a generally agreed upon process, such as the
overall mean obtained from different measurement procedures.
Standardization and harmonization will lead to measurement
results comparable across laboratories, time, and location.
Comparable results are needed to be able to:

» Detect the effect of treatments in patients over time inde-
pendent of the laboratory that perform the measurements;

* Compare a result from a patient to a reference range that
was generated by the laboratory at an earlier time point
or by another laboratory; and

* Guide treatment decisions by comparing a patient result
to a clinical decision point that was defined using bone
marker data obtained in a research laboratory.

Studies assessing the comparability of bone turnover
marker measurements performed in clinical and research
laboratories found high variability among laboratories and
assays [6, 7]. This variability profoundly limits the use of
research findings in patient care and prevents the formula-
tion and implementation of clinical practice guidelines.

These problems in measurement variability can be mini-
mized through a formal process that first harmonizes bone
turnover marker measurements and later allows to stand-
ardize them once a reference measurement system is in
place. The proposed process is in line with the IOF/IFCC-
recommended strategy. It was successfully applied to a
number of clinical analytes and can be adopted for

Table 1 Conditions for ensur-

ing the clinical utility of a bone Condition for clinical utility

Potential application to osteoporosis

turnover marker assay

1. Definition of a normative range for the targeted

population for the test

2. Association of a value outside of the normal
range with a pathological condition

3. Association of a value outside of the normal
range with an increased or decreased risk of a
specific clinically relevant outcome

4. Existence of interventions capable of impacting

the test result

5. Prediction of a treatment effect

6. Results influence treatment decisions

7. Use recommended by appropriate scientific

organizations

8. Measurements improve health outcomes

(a) What is the normal range for the assay in
postmenopausal women?

(b) Does a value above or below the normal range
provide a specific diagnosis?

(c) Does a value above or below the normal range
associates with an increased or decreased fracture
risk; by how much?

(d) Does the assay result change if a particular
intervention is initiated, i.e., is there a
pharmacodynamic response?

(e) Is the return of the assay to the normal range or a
specific change in its value associated with a
favorable change in bone mineral density or
reduction in fracture risk?

(f) Are there accepted standards of practice that
incorporate the use of the assay in the management
of patients with osteoporosis?

(g) Is there medical society guidelines recommending
specific actions to improve fracture risk based on
the result? Is there consensus?

(h) Is the use of the assay cost-effective when
managing osteoporotic populations?

@ Springer
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harmonizing bone turnover marker measurements. It can be
divided into three basic steps (Fig. 2).

In the first step, a measurement harmonization system is
created consisting of special analytical methods and panels
of human samples. These special analytical methods are
used to assign target concentrations to the human samples.
Because these analytical methods and human samples form
a point of reference for bone turnover marker measurements,
their performance such as precision, recovery, and specific-
ity need to be well defined and at a higher level than the
performance of analytical methods used in patient care. The
human samples are intended for use as calibrators and con-
trols of routine assays in step 2.

In the second step, routine assays are calibrated using the
human samples developed in step 1. After the assay is
calibrated, its calibration is verified through blinded chal-
lenges performed regularly. For automated immunoassays
systems, this calibration step is commonly performed by the
assay manufacturer who calibrates the in-house master assay
and uses the master assay to calibrate the routine assay.

Calibration of assays and the verification of calibration is
a collaborative activity conducted between the assay manu-
facturer and an independent organization performing the
challenges and certifying appropriateness of calibration.
Examples of successful collaborations include the Centers
for Disease Control and Prevention (CDC) Cholesterol
Reference Method Laboratory Network [6], and by the
National Glycohemoglobin Standardization Program [7].

In the third step, the measurement performance of the end
user assay is assessed to verify that calibrations of end user
assays performed by the assay manufacturers are done cor-
rectly and lead to consistent and comparable measurement
results in patient care and research. This can be accom-
plished by performing informal inter-laboratory comparison
studies, using data from accuracy-based proficiency testing
programs, and monitoring data from appropriate quality
assurance materials used in laboratories.

Develop
Matrix-Based Materials and
Analytical Methods for Value

Assignment

Establish
Calibration to Matrix-Based
Materials

Verify “End-User”
Test Performance

Fig. 2 Basic steps to harmonization for biochemical bone markers
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An example of the latter is the CDC Lipid Standardization
Program [6], which provides serum materials to clinical and
research laboratories, monitors measurement performance
over time, and certifies laboratories when they meet certain
performance criteria. It is important to point out that such
performance assessments can only be useful if the materials
used in the assessment process are commutable [8]. In other
words, the materials must demonstrate the same performance
with the respective assays as do actual patient samples. The
issue of commutability of serum materials can be avoided by
well-characterized panels of patient samples.

It needs to be emphasized that reagents, calibrator lots,
and instrumentation change over time, and each change
requires new calibration and verification of measurement
performance. Otherwise, comparability of measurement
results cannot be assured over time and measurement har-
monization cannot be maintained.

In conclusion, the harmonization of bone turnover
marker measurements is technically feasible and can be
accomplished by adopting procedures successfully used
for other analytes such as blood lipids and HbAlc. Addi-
tional guidance for implementing harmonization was devel-
oped by the American Association of Clinical Chemistry [9]
and is currently being refined. Guidance documents to
establish specific components needed in this process such
as commutable reference materials are available from organ-
izations such as the Clinical and Laboratory Standards Insti-
tute [10].

Thus, basic steps for harmonization of bone turnovers
markers include the development of matrix-based material
and analytical methods for value assignment, establishment
of calibration to matrix-based materials, and verification of
end user test performance.

Reference population databases
Young healthy

There is a need to establish robust bone turnover marker
reference ranges for both healthy young and older women as
well as healthy young and older men. Currently, reference
ranges have been established utilizing either the Roche
Diagnostics (Elecsys) or Immunodiagnostic (IDS) immuno-
assay systems separately and never in the same population
using both devices [11-14].

There are many justifications for first establishing more
robust normal reference ranges in a young healthy popula-
tion. In order to define an “abnormal” range, one first has to
know what defines a “normal” range. The fewer the bio-
logical variables introduced into that definition, the more
scientifically valid the normal reference range becomes.
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Though reference databases for bone turnover markers
have been published, additional data are needed, especially
regarding males and older age groups. There is no data
establishing a consistent reference population database at
any age measured in the same population by these two
currently commercially available devices [15-22]. In addi-
tion, in order for clinicians to know whether two serial bone
turnover marker measurements are different, there must be
data establishing the least significant change, which has
currently never been performed simultaneously on both
immunoassay machines in the same population [19-22].
Serial bone turnover marker measurements require knowl-
edge of the least significant change in order to interpret
whether or not a change is significant or nonsignificant.

Defining normal reference ranges provides the basis to
start to address several practical and scientific needs [23]:

* Building level of trust in bone turnover marker results
provided by laboratories to clinicians;

» Relating a level of bone turnover markers (elevated) to
short-term as well as long-term fracture risk in untreated
patients;

* Predicting rates of change (loss) in bone mineral density
in untreated patients; and

* Determining what change in bone turnover markers is
necessary to conclude that an appropriate pharmacologic
response to an osteoporosis therapy has been met, either
defined by increase in bone mineral density or better yet
reductions in fracture risk [24-50].

Young normal persons with no disease that may affect
bone will have fewer abnormal biological variables that
may affect bone turnover markers. Bone loss is minimal
in the younger age range from age 25 to 35 for young
women and men. The lower end of the age range avoids
the period of “consolidation,” and the upper end avoids
the early changes of menopause in women. Larger sample
size for reference intervals for young individuals may
allow us to better interpret the relevance of clinical trial
bone turnover marker data.

Older healthy

While premenopausal or young male reference range deter-
minations have value, this range may not necessarily be the
correct range for clinical management decisions in older
adults. Predicting rates of bone loss, risk for fracture, or
effect of pharmacological treatment using a normal, healthy
young person’s reference range may not be the appropriate
age range.

For example, a potential major use of s-CTX and s-PINP is
the identification of untreated patients that are at an increased
rate of bone loss or fracture risk. This application would
require data acquired mostly in older persons [24-30]. There

are other scientific reasons why an older population normal
reference range for bone turnover markers has merit, and
requires defining as well.

These include:

1. An older healthy population could exclude the lower
age of 60 years to avoid the changes of early menopause
and the upper age limit of 75 years to exclude very
elderly people who commonly have comorbidities that
accelerate bone loss.

2. Defining the age-matched levels of the population for
whom therapy is targeted in much the same way as age-
matched data may be valuable for the use of bone
densitometry.

3. Having knowledge of the reference ranges of younger
healthy and older healthy age groups provides a foun-
dation for studying the relationships between drug dis-
continuation, bone turnover, and bone strength.

4. Reference intervals for postmenopausal women and
older men are needed to detect changes in bone turn-
over markers with age that relate to renal clearance of
the marker, since renal function declines with age. The
data relating bone turnover markers to strength as a
function of renal function are just beginning to be defined
[51, 52].

Thus, once an adequately powered reference population
database is established for all ages, future studies can
advance the understanding of the relationship between bone
turnover marker levels or changes to outcomes. We will also
be able to know how the results compare between immuno-
assay devices (Roche and IDS), with the hope of avoiding
the limitations that currently exist in clinical practice when
trying to compare bone mineral density results from differ-
ent DXA manufacturers.

Summary, conclusions, and next steps

Using bone turnover markers to personalize patient care for
those with osteoporosis provides complimentary informa-
tion in conjunction with the use of bone mineral density
measurements. The meritage of standardization and harmo-
nization of sample collection, measurement procedures, and
reference ranges in the appropriate populations are critical to
optimizing the potential benefits of bone marker use. Fol-
lowing this work, many practical questions will need to be
addressed concerning how to use markers in the day-to-day
management of patients.

These efforts that need to come to fruition concerning the
field of bone turnover markers can positively impact clinical
practice, health care costs, and reimbursement decisions, as
well as solidifying research efforts to help the bone turnover
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marker field. With these efforts, we hope that bone markers
can be more fully utilized by clinicians and work in tandem
with the other currently available approaches to manage
bone diseases.

Osteoporosis is a major global health problem with the
prevalence and incidence of osteoporosis for at-risk popula-
tions estimated to be 44 million Americans. In the USA,
osteoporotic fractures currently cost US$19 billion annually;
these costs are projected to rise to over US$25 billion by the
year 2025 [53]. The annual incidence of osteoporotic frac-
tures in women is greater than the combined rates of heart
attack, stroke, and breast cancer. The potential of bone
markers as an additional tool for health professionals to
improve patient outcomes by impacting morbidity and mor-
tality is crucial in providing better healthcare and addressing
rising healthcare costs.

The goals elucidated in this position paper will be
addressed by the National Bone Health Alliance, a public—
private partnership on bone health that includes the involve-
ment of the governmental, academic, for-profit and non-
profit sectors, including the major academic and commercial
laboratories, to collectively agree on a common, harmonized
approach to address the pre-analytical and analytical varia-
bles identified as well as the standardization of bone marker
sample collection procedures, reference ranges, and bone
turnover marker assays in clinical laboratories. As stated, a
second paper will be produced to help elucidate the research
efforts to date and will hope to identify gaps and potential
research projects to answer additional needs in the bone
marker field. In addition, NBHA will pursue a parallel effort
to make bone turnover marker measurements reliable and
accepted by all health professionals for facilitating manage-
ment decisions upon project completion and ultimately be
reimbursed by all health insurance payers.

Conflicts of interest None.
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