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Context: The levels of bone formation and resorption can be assessed at the tissue level by bone
histomorphometry on transiliac bone biopsies. Systemic biochemical markers of bone turnover
reflect the overall bone formation and resorption at the level of the entire skeleton but cannot
discriminate the different skeletal compartments.

Objective: Our aim was to investigate the correlations between the serum biochemical markers of
formation and resorption with histomorphometric parameters.

Design: We performed post hoc analysis of a previous clinical study.

Setting: Patients were selected from the general population.

Patients: A total of 371 untreated postmenopausal osteoporotic women aged 50 to 84 years with
a lumbar T-score � �2.5 SD or � �1 SD with at least one osteoporotic fracture.

Interventions: Transiliac bone biopsies were obtained after a double tetracycline labeling, and
blood samples were collected.

Main Outcome Measures: The static and dynamic parameters of formation and bone resorption
were measured by histomorphometry. Serum biochemical markers of formation (bone alkaline
phosphatase [ALP]; procollagen type I N-terminal propeptide [PINP]) and resorption (C-terminal
crosslinking telopeptide of collagen type 1 [sCTX]) were assessed.

Results: The mean values of biochemical markers were: bone ALP, 15.0 � 5.2 ng/mL; PINP, 56.2 �

21.9 �g/mL; and sCTX, 0.58 � 0.26 ng/mL. Bone ALP and PINP were significantly correlated with
both the static and dynamic parameters of formation (0.21 � r’ � 0.36; 0.01 � P � .0001). sCTX was
significantly correlated with all resorption parameters (0.18 � r’ � 0.24; 0.02 � P � .0001).

Conclusion: Bone turnover markers were significantly but modestly associated with bone turnover
parameters measured in iliac cancellous bone. The iliac crest bone may not represent perfectly the
whole bone turnover. (J Clin Endocrinol Metab 100: 4662–4668, 2015)

Bone turnover is characterized by the succession of two
opposite activities, the degradation of old bone by

the osteoclasts followed by the formation of new bone by
osteoblasts. These two phases are coupled in time and

space at the level of the basic multicellular unit. Postmeno-
pausal osteoporosis is characterized by an imbalance be-
tween resorption and formation in favor of the resorption
associated with an increase in the rate of the bone turn-
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Abbreviations: Ac.f, activation frequency; ALP, alkaline phosphatase; BFR, bone formation
rate; BS, bone surface; BTM, bone turnover marker; BV, bone volume; CTX, C-terminal
telopeptides of type 1 collagen; E.De, erosion depth; eGFR, estimated glomerular filtration
rate; ES, eroded surface; EV, eroded volume; MS, mineralizing surface; Ob.S, osteoblast
surface; Oc.N, osteoclast number; Oc.S, osteoclast surface; OS, osteoid surface; O.Th,
osteoid thickness; OV, osteoid volume; PINP, procollagen type I N-terminal propeptide; s-,
serum.
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over. The negative balance within each remodeling unit
associated with the increased number of remodeling units
results in a loss of bone mass and a deterioration of the
bone architecture. The levels of bone formation and re-
sorption can be assessed at the tissue level by bone histo-
morphometry in the different bone compartments. This
invasive method permits assessment of the bone turnover
at the bone structural unit on transiliac biopsies. Bone
histomorphometry remains the only method that allows
the study of bone remodeling at the basic structural unit
level. Furthermore, the use of the tetracycline double la-
beling provides the measurement of dynamic parameters
of bone formation. This method allows for a time dimen-
sion in the analysis of the bone turnover. In patients, how-
ever, bone biopsies could be obtained only at the iliac crest,
except for surgical samples taken at other sites under spe-
cific conditions. Previous studies have shown that the level
of bone turnover obtained from transiliac bone biopsies is
representative of that observed at other sites of the skel-
eton (1–3). Antiosteoporotic agents, anabolic or antire-
sorptive drugs, are active at various bone sites, but the
basic level of the turnover and the magnitude of treatment
response vary across the skeletal sites (4, 5).

Serum assays of biochemical bone turnover markers
(BTMs) have been developed to assess either enzymatic
activities of osteoblasts and osteoclasts or breakdown
products of bone tissue. They reflect the overall bone for-
mation and resorption at the level of the entire skeleton
and may help to identify patients at high risk for fracture
(6–8) and to monitor the efficacy of antiresorptive or an-
abolic agents (9). The markers of formation reflect the rate
of synthesis of the main constituents of bone tissue. The
most sensitive and widely used markers of formation are
serum osteocalcin, the bone isoenzyme of alkaline phos-
phatase (bone ALP), and the procollagen type I N-terminal
propeptide (PINP). The bone resorption can be evaluated
by the assessment of the breakdown products of type I
collagen such as the crosslinks pyridinoline and deoxy-
pyridinoline, the terminal crosslinking telopeptide of type
I collagen generated by the cathepsin K (N- and C-terminal
telopeptides of type 1 collagen [CTX]) or by matrix met-
alloprotease. Serum 5b isoenzyme of tartrate-resistant
acid phosphatase reflects the number and the crosslinked
C-telopeptide of type 1 collagen generated activity of the
osteoclasts. Recently, the use of serum PINP (sPINP) and
serum CTX (sCTX) as reference biochemical markers of
bone formation and resorption, respectively, has been rec-
ommended (10). However, BTMs reflect the turnover of
the entire skeleton and cannot discriminate the bone turn-
over changes in the different skeletal compartments. Fur-
thermore, they are not specific of bone because type I col-
lagen is present in other connective tissue, but PINP

present in blood mainly derives from bone. In the last few
years, new BTM have been developed and are under in-
vestigation (11). Several factors may affect the variability
of the BTM assays. Fasting and feeding status strongly
influences the BTM levels (12). For these reasons, in clin-
ical studies or in clinical practice, blood samples must be
collected in the same conditions, preferably in the early
morning after an overnight fast.

The relationship between the level of BTMs and the
activity of formation or resorption at the tissue level has
been poorly investigated in small samples (13–15), and
investigators did not address the currently recommended
markers, CTX and PINP. The aim of the present study was
to investigate whether the BTMs of bone formation (bone
ALP and PINP) and resorption (CTX) were correlated
with histomorphometric parameters measured on transil-
iac bone biopsies in a large sample of untreated postmeno-
pausal osteoporotic women.

Subjects and Methods

This study is a post hoc analysis from a previously published
randomized controlled trial using alendronate and strontium
ranelate (16). Here, we use the baseline data collected before
starting the therapies. The selection criteria of patients were fully
described in the previous report. Briefly, postmenopausal
women were selected if they were at least 50 years old, were
postmenopausal for at least 3 years, had a T-score � �2.5 SD at
the lumbar L1/L4 and/or femoral neck level, or had a T-score �

�1 SD at the lumbar L1-L4 and/or femoral neck level with at
least one prevalent low trauma fracture. All patients were am-
bulatory. Patients were excluded if they had a history of disease
affecting bone metabolism other than osteoporosis, had signif-
icantly impaired renal function (creatinine clearance � 35 mL/
min), had undergone a previous bone biopsy within 1 year, or
had a previous double-labeling with tetracycline or tetracycline
treatment within 1 year. Patients treated with any drugs devel-
oped for bone diseases or interfering with bone metabolism were
also excluded. A total of 371 untreated patients aged 50–84
years were selected. The study received ethical review board ap-
proval at all sites, and all patients gave informed written consent.

Biochemical markers
Serum BTMs were assessed before any treatment. Markers of

bone formation were bone ALP and serum PINP. The marker of
bone resorption was sCTX. Fasting blood was collected, and
biochemical markers were assessed by immunoassay methods:
bone ALP by immunoradiometric assay using the Tandem-R
Ostase kit (Beckman Coulter), PINP by RIA using Uniq PINP
RIA (Orion Diagnostica), and sCTX by ELISA using the Serum
CrossLaps ELISA kit (IDS). The intra-assay coefficients of
variation were 2.3–3.7% for bone ALP, 1.6 –3% for CTX, and
1.2– 4.9% for PINP. The glomerular filtration rate (eGFR)
was estimated by the Chronic Kidney Disease Epidemiology
collaborators’ formula (17).
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Bone histomorphometry
A transiliac bone biopsy was performed with a 7.5-mm inner

diameter trephine. Before the bone biopsy, patients received a
double fluorochrome labeling with 600 mg/d demeclocycline hy-
drochloride according to the following schedule: 2 days on, 10
days off, 2 days on. Biopsies were performed within 5 to 7 days
of the last dose of demeclocycline. The bone biopsy specimens
were stored in 70% ethanol.

After fixation in 70% ethanol and dehydration in 100% eth-
anol, specimens were embedded in methyl methacrylate. Three
sets of 8-�m-thick sections were cut 200 �m apart in the central
part of the sample. In each set, sections were stained with mod-
ified Goldner’s trichrome or solochrome cyanine R. Some sec-
tions were left unstained for the measurement of the fluoro-
chrome labels under fluorescence (18, 19)

The quantitative analysis was performed on all complete and
unbroken samples. The histomorphometry measurements were
done on the whole tissue, including the cancellous and endocor-
tical envelopes of three sections (one per set) with a total can-
cellous bone tissue volume � 20 mm2.

The parameters of bone structure were measured with an
automatic image analyzer (MorphoExpert; Explora Nova). The
static parameters reflecting resorption, formation, and the dy-
namic parameters of bone formation and mineralization were
measured using a semiautomatic image analyzer (Tablet’ Mea-
sure; Explora Nova). The abbreviations of the bone histomor-
phometric parameters used were recommended by the American
Society for Bone and Mineral Research Histomorphometric No-
menclature Committee (20). All measured thicknesses were mul-
tiplied by �/4. Bone resorption was assessed with measurements
of eroded surface (ES)/bone surface (BS; %), osteoclast number
(Oc.N)/BS (/mm), osteoclast surface (Oc.S)/BS (%), mean and
maximum erosion depth (E.De; �m), eroded volume (EV)/bone
volume (BV; %). Static bone formation was reflected by osteo-
blast surfaces (Ob.S/BS; %), osteoid surfaces (OS/BS; %), vol-
ume (OV/BV; %), and thickness (O.Th; �m). Osteoid seams with
a minimum width of 2.5 �m were measured. All these parameters
were measured on Goldner-stained sections. The mineral appo-
sition rate (�m/d) and the ratio of mineralizing surface (MS)/BS
(%) (calculated as double plus half of single labeled surfaces)
were analyzed on unstained sections under UV light. The mean
wall thickness (�m) was measured in cancellous bone on Solo-
chrome cyanine R-stained sections under polarized light. The
bone formation rate (BFR) (BFR/BS [�m3/�m2/d] � [MS/BS] �
mineral apposition rate) and activation frequency (Ac.f) (Ac.f per
year � [BFR/BS]/wall thickness) were calculated.

Statistical analysis
Results were expressed as mean � SD. Correlations between

BTM and histomorphometric parameters were analyzed by the
nonparametric Spearman rank correlation test. A P value � .05
was considered significant.

Results

A total of 371 patients were selected and included in the
study. Descriptive statistics for the baseline characteristics
and serum BTMs are presented in Table 1. Among these
patients, 82 had at least one prevalent osteoporotic frac-

ture, and 26 had eGFR lower than 60 (range, 36 to 59;
mean,53.4�6.2)mL/min/1.73m2.A total of367patients
had a complete bone biopsy assessable for bone histomor-
phometry. Mean values of histomorphometric parameters
of formation and resorption are presented in Table 1.

The patients with at least one prevalent osteoporotic
fracture were significantly older than those without frac-
ture (age, 66.1 � 6.9 vs 62.9 � 7.1 y, respectively; P �
.0001). The group with fracture was characterized by a
significantly lower sPINP (52.4 � 16.8 and 57.6 � 21.2;
P � .05) and sCTX (0.53 � 0.18 and 0.62 � 0.27; P � .01)
when compared to the group without fracture.

Biochemical serum markers of bone formation
Bone ALP and PINP were significantly and negatively

correlated with the age of the patients (P � .001 and .002,
respectively) and body mass index (P � .04). However, no
correlation was found between age and the histomorpho-
metric parameters of bone turnover, which were similar in
patients older than 75 years (n � 28) to that in patients
younger than 75 years (MS/BS, 5.96 � 4.15 and 6.10 �
4.36%; BFR/BS, 0.036 � 0.025 and 0.038 � 0.03 �m3/
�m2/d; Ac.f, 0.44 � 0.30 and 0.45 � 0.32/y in patients
younger and older than 75 y, respectively). Bone ALP and
PINP were significantly correlated (r’� 0.58; P � .0001)
and were also significantly correlated with sCTX (r’�
0.51 and 0.66; P � .0001, respectively).

Bone ALP and PINP were significantly correlated with
all static and dynamic parameters of bone formation

Table 1. Baseline Characteristics of Patients, Serum
Biochemical Markers and Histomorphometric Parameters
of Cancellous Bone Remodeling in 371 Untreated
Postmenopausal Women With Osteoporosis

Bone histomorphometry
OS/BS, % 687 � 246
OV/BV, % 5.80 � 3.04
MS/BS, % 56.0 � 4.2
BFR/BS, �m3/�m2/d 0.037 � 0.258
Ac.f/y 0.44 � 0.30
ES/BS, % 124.9 � 5.39
Oc.S/BS, % 698.6 � 252.4
Mean E.De, �m 9.4 � 2.1
EV/BV, % 0.46 � 0.30

Baseline characteristics and biochemical
markers
Age, y 63.70 � 7.22
Years since menopause 15.80 � 7.90
BMI, kg/m2 25.80 � 3.98
eGFR, mL/min/1.73 m2 81.91 � 13.87
sBALP, ng/mL 15.27 � 5.39
sPINP, �g/mL 56.42 � 20.39
sCTX, ng/mL 0.60 � 0.26

Abbreviations: BMI, body mass index; sBALP, serum bone ALP. Data
are expressed as mean � SD. eGFR was estimated by the Chronic
Kidney Disease Epidemiology formula.
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(0.21 � r’ � 0.36; P � .0001) (Table 2 and Figure 1). A
significant correlation was also observed between bone
ALP or sPINP and the O.Th (P � .002), but after adjust-
ment for age, only PINP remained correlated significantly
with the O.Th (P � .01). No correlation was found with
the mineralization rate.

Similar results were observed for histomorphometric
parameters measured in the cancellous or endosteal bone,
with coefficients of correlation slightly higher for en-
dosteal parameters (Table 2).

Biochemical markers of bone resorption
sCTX was significantly correlated with the serum PTH

level (P � .001).
sCTX was significantly correlated with all histomor-

phometric parameters of bone resorption (0.18 � r’ �
0.24; P � .0001) (Table 3 and Figure 1). sCTX was also
significantly correlated with the static and dynamic pa-
rameters of bone formation (0.17 � r’ � 0.30; P � .001
to .0001). These correlations were also observed after ad-
justment for age.

Figure 1. Correlation between the biochemical markers and histomorphometric parameters: A, Correlation between the cancellous BFR/BS and
the biochemical markers of the formation may also explain serum bone ALP and sPINP. B, Correlations between sCTX and the histomorphometric
parameters of the resorption in cancellous bone: osteoclast surfaces (Oc.S/BS) and the eroded volume (EV/BV). r’, Spearman coefficient of
correlation.

Table 2. Spearman Correlations Between Biochemical Markers and Histomorphometric Parameters of Bone
Formation Measured in Cancellous and Endosteal Iliac Bone

sBALP (n � 367) sPINP (n � 367)

Cancellous Endosteal Cancellous Endosteal

r’ P r’ P r’ P r’ P

OS/BS 0.21 .0001 0.27 .0001 0.24 .0001 0.40 .0001
Ob.S/BS 0.24 .0001 0.28 .0001 0.24 .0001 0.41 .0001
OV/BV 0.23 .0001 0.26 .0001
O.Th 0.12 .02 0.20 .001 0.16 .002 0.26 .0001
MS/BS 0.25 .0001 0.30 .0001 0.30 .0001 0.41 .0001
BFR/BS 0.24 .0001 0.27 .0001 0.26 .0001 0.39 .0001
Ac.f 0.24 .0001 0.26 .0001

Abbreviations: sBALP, serum bone ALP; r’, Spearman coefficient of correlation.
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Similar results were observed for histomorphometric
parameters measured in the cancellous or endosteal bone,
with coefficients of correlation slightly higher for en-
dosteal parameters (Table 3).

Influence of renal function
In a subgroup of patients (n � 27; mean age, 69 � 7 y)

with eGFR � 60 mL/min/1.73 m2, no correlation was
found between the serum BTM and the histomorphomet-
ric parameters of bone formation or resorption (Figure 2)
in contrast to the patients (n � 344; mean age, 63 � 7 y)
with eGFR higher than 60 mL/min/1.73 m2. But eGFR was

significantly correlated with the osteoid parameters (Fig-
ure 3).

Discussion

These results showed that in a large population of well-
characterized postmenopausal osteoporotic women, the
serum BTMs of formation, bone ALP and PINP, were
correlated with the histomorphometric parameters of
bone formation measured in iliac cancellous bone. Similar
results were observed with the parameters assessed in the
endosteal compartment. It has been previously reported
that bone ALP activity was higher in cancellous than cor-
tical bone with a different distribution of the two isoforms
of bone ALP between the bone compartments (21). Bone
ALP and PINP are both produced by the osteoblasts, but
they reflect different stages of the formation. Bone ALP is
an enzyme localized in the osteoblast membrane that is
involved in mineralization. PINP is cleaved during the ex-
tracellular processing of collagen type I. Collagen being
the most abundant organic component of bone matrix,
PINP is a good marker of osteoblast activity. These two
BTMs are correlated with both static and dynamic pa-
rameters of the formation. Static parameters of formation
(OS, OV, and O.Th) evaluate the matrix synthesized by
the osteoblasts. The dynamic parameters, which are de-

Table 3. Spearman Correlations Between Biochemical
Markers and Histomorphometric Parameters of Bone
Resorption Measured in Cancellous and Endosteal Iliac
Bone

sCTX (n � 367)

Cancellous Endosteal

r’ P r’ P

ES/BS 0.22 .0001 0.31 .0001
Oc.S/BS 0.24 .0001 0.35 .0001
Oc.N/BS 0.24 .0001 0.35 .0001
EV/BV 0.22 .0001
Mean E.De 0.18 .001
Maximum E.De 0.21 .0001

r’, Spearman coefficient of correlation.

Figure 2. In the subgroup of 26 patients with moderately reduced renal function (eGFR � 60 mL/min/1.73 m2), no correlation was found
between: (A) sBALP, sPINP, and histomorphometric parameters of bone formation (BFR/BS, bone formation rate); and (B) sCTX and the
histomorphometric parameters of the bone resorption (ES/BS, eroded surfaces; Oc.S/BS, osteoclast surfaces). r’, Spearman coefficient of
correlation; sBALP, serum bone ALP.
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rived from the measurements of the tetracycline labels,
reflect the active bone formation and allow for assessing
the mineralization rate. Furthermore, in a steady state, ie,
when the birth rate of new resorption cavities is equal to
the activation of new formation sites, BFR and Ac.f reflect
the rate of the bone turnover (22). The coupling between
bone resorption and formation may explain the correla-
tion observed also between serum bone ALP, sPINP, and
the histomorphometric parameters of resorption.

Significant correlations were observed between sCTX
and the histomorphometric parameters of resorption. Sev-
eral markers of bone resorption are available that are ei-
ther collagen degradation products such as pyridinoline,
deoxypyridinoline, N-terminal telopeptide of type 1 col-
lagen, or noncollagenous protein such as bone sialopro-
tein or enzymes expressed by osteoclast during the resorp-
tion as tartrate-resistant acid phosphates and cathepsin K
(23). Based on the specificity for bone resorption, sensi-
tivity to changes related to bone diseases or treatment and
the reproducibility of the dosage, sCTX has been recog-
nized as the referent serum marker of resorption (10). In
contrast to formation, no dynamic parameter is available
for assessing the erosion activity on histological bone sec-
tions. The eroded surfaces represent the extent of crenated
surfaces, but on histological sections, the site of active
resorption at the time of the biopsy cannot be differenti-
ated from those where the resorption is ended and the
formation not yet initiated. This is emphasized by the ex-
tension of the reversal phase. The parameters evaluating

the amount of eroded volume (E.De
mean and max, EV/BV) were not di-
rectly measured because the pre-ex-
isting surface has vanished. Their
measurements were based on the re-
construction of the initial bone sur-
face and make assumptions about its
position. Nevertheless, despite these
limits of the histomorphometric
measurements, the resorption pa-
rameters measured on cancellous il-
iac bone were significantly corre-
lated with sCTX, which reflects the
resorption at the entire skeleton
level.

In a subgroup of 26 patients with
moderately reduced renal function
(eGFR, 36 to 59 mL/min/1.73 m2),
no correlation was found between
BTM and histomorphometric pa-
rameters, in contrast to previous
studies performed in patients with
renal osteodystrophy with low or
high bone turnover (24). But, except

for bone ALP, the markers assessed were different from
those analyzed in the present study. In this study, the bone
turnover strongly varied, as shown by BFR/BS ranging
from 0.001 to 1.66, whereas it was from 0.007 to 0.109
�m3/�m2/d in our subgroup. In contrast, in patients with
eGFR higher than 60 mL/min/1.73 m2 (n � 344), the cor-
relations remained significant. CTX and PINP are cleared
by the kidney. Therefore, their levels in this subset of mod-
erate chronic kidney disease may reflect more the impaired
renal function than bone turnover. Alternatively, the in-
terindividual variability in the BTM levels may also indi-
cate that significant correlations could be evidenced only
in a large group of patients. The analysis of a possible
influence of the renal function on the BTM levels requires
a larger population with a wider range of eGFR.

In conclusion, in a population of postmenopausal os-
teoporotic women, BTMs were significantly but modestly
associated with bone turnover parameters measured at the
tissue level in cancellous or endosteal compartments of
iliacbone.BTMsreflect the turnoverof the entire skeleton,
including the periosteal, cortical, endocortical, and can-
cellous compartments when the histomorphometric pa-
rameters assess a small part of the iliac crest. Iliac cancel-
lous bone provides useful information on the bone
architecture, turnover, and mineralization, but variability
exists across the skeletal sites. BTMs integrate these vari-
ations in contrast to bone histomorphometry, which pre-
cisely assesses one part of iliac bone. For these reasons,

Figure 3. Correlations between osteoid parameters and the GFR in the subgroup of 26 patients
with moderately reduced renal function (eGFR � 60 mL/min/1.73 m2). r’: Spearman coefficient
of correlation. Omt, osteoïd maturation time.
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histomorphometry cannot represent perfectly the bone
turnover of the entire skeleton.

Acknowledgments

Address all correspondence and requests for reprints to: Pascale
Chavassieux,MD,InsermUMR1033,UFRdeMédecineLyon-Est,
Domaine Laennec, 7–11 rue Guillaume Paradin, 69372 Lyon Ce-
dex 08, France. E-mail: Pascale.Chavassieux@univ-lyon1.fr.

This study has been funded by Servier.
Disclosure Summary: P.C., N.P.-M., J.-P.R., and P.G. have no

conflict of interest. R.C. serves on advisory boards of Amgen,
Pfizer, and Bioiberica and at conferences of Amgen, Chugai-
Roche, BMS, Pfizer, Abbvie, and Lilly.

References

1. Meunier P, Courpron P, Edouard C, Bernard J, Bringuier J, Vignon
G. Physiological senile involution and pathological rarefaction of
bone. Quantitative and comparative histological data. Clin Endo-
crinol Metab. 1973;2:239–256.

2. Pødenphant J, Gotfredsen A, Nilas L, Nørgaard H, Braendstrup O.
Iliac crest biopsy: representativity for the amount of mineralized
bone. Bone. 1986;7:427–430.

3. Mosekilde L. Iliac crest trabecular bone volume as predictor for
vertebral compressive strength, ash density and trabecular bone vol-
ume in normal individuals. Bone. 1988;9:195–199.

4. Amling M, Herden S, Pösl M, Hahn M, Ritzel H, Delling G. Het-
erogeneity of the skeleton: comparison of the trabecular microarchi-
tecture of the spine, the iliac crest, the femur, and the calcaneus.
J Bone Miner Res. 1996;11:36–45.

5. Portero-Muzy NR, Chavassieux PM, Bouxsein ML, Gineyts E, Gar-
nero P, Chapurlat RD. Early effects of zoledronic acid and teripa-
ratide on bone microarchitecture, remodeling and collagen cross-
links: comparison between iliac crest and lumbar vertebra in ewes.
Bone. 2012;51(4):714–719.

6. Garnero P, Hausherr E, Chapuy MC, et al. Markers of bone resorp-
tion predict hip fracture in elderly women: the EPIDOS Prospective
Study. J Bone Miner Res. 1996;11(10):1531–1538.

7. Garnero P, Sornay-Rendu E, Claustrat B, Delmas PD. Biochemical
markers of bone turnover, endogenous hormones and the risk of
fractures in postmenopausal women: the OFELY study. J Bone
Miner Res. 2000;15(8):1526–1536.

8. Chapurlat RD, Garnero P, Bréart G, Meunier PJ, Delmas PD. Serum
type I collagen breakdown product (serum CTX) predicts hip frac-
ture risk in elderly women: the EPIDOS study. Bone. 2000;27(2):
283–286.

9. Szulc P. The role of bone turnover markers in monitoring treatment
in postmenopausal osteoporosis. Clin Biochem. 2012;45:907–919.

10. Vasikaran S, Cooper C, Eastell R, et al. International Osteoporosis
Foundation and International Federation of Clinical Chemistry and

Laboratory Medicine position on bone marker standards in osteo-
porosis. Clin Chem Lab Med. 2011;49(8):1271–1274.

11. Garnero P. New developments in biological markers of bone me-
tabolism in osteoporosis. Bone. 2014;66:46–55.

12. Qvist P, Christgau S, Pedersen BJ, Schlemmer A, Christiansen C.
Circadian variation in the serum concentration of C-terminal telo-
peptide of type I collagen (serum CTx): effects of gender, age, meno-
pausal status, posture, daylight, serum cortisol, and fasting. Bone.
2002;31(1):57–61.

13. Delmas PD, Demiaux B, Malaval L, Chapuy MC, Edouard C,
Meunier PJ. Serum bone � carboxyglutamic acid-containing protein
in primary hyperparathyroidism and in malignant hypercalcemia.
Comparison with bone histomorphometry. J Clin Invest. 1986;
77(3):985–991.

14. Brown JP, Delmas PD, Malaval L, Edouard C, Chapuy MC,
Meunier PJ. Serum bone Gla-protein: a specific marker for bone
formation in postmenopausal osteoporosis. Lancet. 1984;1(8386):
1091–1093.

15. Roux JP, Arlot ME, Gineyts E, Meunier PJ, Delmas PD. Automatic-
interactive measurement of resorption cavities in transiliac bone
biopsies and correlation with deoxypyridinoline. Bone. 1995;17(2):
153–156.

16. Chavassieux P, Meunier PJ, Roux JP, Portero-Muzy N, Pierre M,
Chapurlat R. Bone histomorphometry of transiliac paired bone bi-
opsies after 6 or 12 months of treatment with oral strontium ranelate
in 387 osteoporotic women: randomized comparison to alendro-
nate. J Bone Miner Res. 2014;29(3):618–628.

17. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate
glomerular filtration rate [published correction appears in Ann In-
tern Med. 2011;155(6):408]. Ann Intern Med. 2009;150(9):604–
612.

18. Chavassieux P, Arlot M, Meunier PJ. Clinical use of bone biopsy. In:
Marcus R, Feldman D, Kelsey J, eds. Osteoporosis. 2nd Ed. Vol 2.
San Diego, CA: Academic Press; 2001:501–509.

19. Recker RR, Kimmel DB, Dempster D, Weinstein RS, Wronski TJ,
Burr DB. Issues in modern bone histomorphometry. Bone. 2011;
49:955–964.

20. Dempster DW, Compston JE, Drezner MK, et al. Standardized no-
menclature, symbols, and units for bone histomorphometry: a 2012
update of the report of the ASBMR Histomorphometry Nomencla-
ture Committee. J Bone Miner Res. 2013;28:2–17.

21. Magnusson P, Larsson L, Magnusson M, Davie MW, Sharp CA.
Isoforms of bone alkaline phosphatase: characterization and origin
in human trabecular and cortical bone. J Bone Miner Res. 1999;
14(11):1926–1933.

22. Parfitt AM. The physiologic and pathogenetic significance of bone
histomorphometric data. In: Coe FL, Favus MJ, eds. Disorders of
Bone and Mineral Metabolism. San Diego, CA: Raven Press; 1992:
475–489.

23. Kraenzlin ME, Seibel MJ. Measurement of biochemical markers of
bone resorption. In: Seibel MJ, Robins SP, Bilezikian JP, eds. Dy-
namics of Bone and Cartilage Metabolism. Principles and Clinical
Applications. Second Edition. San Diego, CA: Academic Press;
2006:541–563.

24. Coen G, Ballanti P, Bonucci E, et al. Bone markers in the diagnosis
of low turnover osteodystrophy in haemodialysis patients. Nephrol
Dial Transplant. 1998;13(9):2294–2302.

4668 Chavassieux et al Serum Bone Turnover Markers and Histomorphometry J Clin Endocrinol Metab, December 2015, 100(12):4662–4668

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/12/4662/2536445 by guest on 10 April 2024

mailto:Pascale.Chavassieux@univ-lyon1.fr

