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Abstract

Background: Osteoporotic fracture occurs mostly at the spine, in which the commonest one is vertebral compression
fracture. Bone turnover markers (BTMs) can be applied to assess bone formation and resorption activity. Nevertheless,
there are few reports on BTMs changes after osteoporotic vertebral compression fracture. The aim of this study is
to investigate the kinetics of bone turnover markers after osteoporotic vertebral compression fractures in postmenopausal
female.

Methods: Three hundred nine postmenopausal female patients with osteoporotic vertebral compression fractures were
included in the study. Fasting blood samples were obtained to analyze the serum concentration of bone
turnover markers including osteocalcin (OC), B-isomerized type | collagen amino-terminal peptide (3-CTX),
alkaline phosphatase (ALP), type | procollagen amino-terminal peptides (PINP), calcium, and phosphorus. According to
periods long after vertebral fracture, all the cases were divided into seven phases: phase 1 (within 3 days), phase
2 (3 days to 1 week), phase 3 (1 to 2 weeks), phase 4 (2 to 4 weeks), phase 5 (4 to 12 weeks), phase 6 (12 to 24
weeks), and phase 7 (24 weeks to 1 year). Comparisons among the phases and kinetics during the phases were
conducted.

Results: All the kinds of BTM’s serum concentration began to increase within 3 days after vertebral fracture in
phase 1. Osteocalcin and B-CTX had two peaks, the first one in phase 2 (21.4+ 6.0 ng/ml and 0.72 + 0.17 ng/ml,
respectively) and the second in phase 6 (25.8 + 7.5 ng/ml and 0.89 + 0.23 ng/ml, respectively). The peak of ALP
arrived in phase 4 at the value of 123.9+25.7 U/L. PINP reached its peak value (69.50 + 16.82 ng/ml) in phase 6.
Serum phosphorus arrived at its first peak (1.21 +0.13 mmol/L) in phase 2 and the second peak (1.23 +0.13 mmol/L) in
phase 4. Serum calcium reached the first peak (2.30 + 0.07 mmol/L) in phase 3 and the second peak (2.34 + 0.08 mmol/L)
in phase 5.

Conclusion: The time-dependent variations of BTMs based on the fracture healing process of inflammation, regeneration,
and remodeling occur after vertebral fracture. Kinetics of BTMs after vertebral fracture as well as the reference value at
each period were established in the present study. It is helpful to assess vertebral fracture healing process according to
the kinetics of BTMs.
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women
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Background

Along with the aging population increases to be double in
the next decades [1], the incidence of osteoporosis will rise
obviously, which makes the bone fragile and liable to frac-
ture [2]. Osteoporotic fracture has become a global health
care issue, due to high mortality and costs [3].

Fracture healing can be divided into three phases: the
inflammation phase, the regeneration phase, and the
remodeling phase. However, osteoporosis could delay
fracture healing and impair healing outcomes [4]. Bone
biochemical markers (BTMs) help to monitor the bone
metabolic rate quantitatively [5-10]. BTMs could en-
hance the evaluation efficiency for the bone fracture
healing, as well as predict early the risk of developing
impaired fracture outcomes [9].

BTMs comprise of two categories: bone resorption
markers and formation markers. Bone resorption markers
are mainly the breakdown products of type I collagen,
among which the widely used one is type I collagen
amino- or carboxyl-terminal peptides (NTX or CTX). The
commonest bone formation marker is type I procollagen
amino- or carboxyl-terminal peptides (PICP or PINP)
which is the breakdown product dissociated from type I
procollagen. The other BTMs include osteocalcin (OC)
and alkaline phosphatase (ALP) [10]. Among them, PINP
and CTX have been recommended as the main reference
markers of bone metabolism in predicting fracture risk
and evaluating anti-osteoporosis treatment by the Inter-
national Osteoporosis Foundation (IOF) and the Inter-
national Federation of Clinical Chemistry (IFCC) Bone
Marker Standards Working Group [11].

Osteoporotic fracture occurs mostly at the spine, in
which the commonest one is vertebral compression
fracture [12, 13]. Nevertheless, there are few reports on
BTMs changes after osteoporotic vertebral compression
fracture (OVCEF). In this study, we aim to investigate
the kinetics of BTMs following OVCF and establish evalu-
ation criteria of the OVCF healing process, through review-
ing BTMs values collected at different periods after OVCE.

Materials and methods

Between January 2015 and June 2018, 309 consecutive
postmenopausal female patients for back pain admitted
in the authors’ hospital and diagnosed with OVCF were
included in the study. All patients went through verte-
bral fragility fractures, resulting from a simple fall from
a standing height or less. Permission to conduct this
retrospective study was obtained from the hospital ethics
committee. Written informed consent was obtained
from each subject involved in the study. The exclusion
criteria were (1) secondary or idiopathic osteoporosis,
(2) multiple vertebral fractures, (3) liver, intestinal, and
renal function dysfunction, (4) undertaking medications
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known to affect bone metabolism, and (5) nonunion
after 24 weeks.

Demographic information was collected including age
and period long after vertebral fracture. Fasting blood
samples were obtained to analyze the BTMs when
admitted to hospital before surgeries and administration
of anti-osteoporosis drugs. Samples were stored at — 20 °
C before the BT Ms analysis done. The serum concentra-
tion of total PINP, B-isomerized C-terminal telopeptides
(B-CTX), and N-MID osteocalcin (OCy.pia) were all
measured by the electrochemiluminescence immuno-
assay (Elecsys 2010, Roche Diagnostics, Mannheim,
Germany), with intra- and interassay coefficients of vari-
ation (CVs) of 3.0% and 4.1%, 3.5% and 8.4%, 1.8% and
3.3%, respectively. Serum calcium was measured by
photometric color test, serum phosphorus by photomet-
ric UV test, and ALP by kinetic color test (Beckman
Coulter, Brea, CA, USA). The corresponding intra- and
interassay CVs were 0.65% and 0.96%, 1.03% and 1.55%,
1.94% and 4.88%. Bone mineral density (BMD) was mea-
sured at the lumbar spine by dual-energy X-ray absorpti-
ometry (DEXA, GE Medical Systems Lunar). According
to the period long after vertebral fracture, all of the 309
cases were divided into seven phases: phase 1 (within
3 days), phase 2 (3 days to 1 week), phase 3 (1 week to
2 weeks), phase 4 (2 to 4 weeks), phase 5 (4 to 12 weeks),
phase 6 (12 to 24 weeks), phase 7 (24 weeks to 1 year).

The data were processed with SPSS 17.0 statistics
software (SPSS Inc., Chicago, IL). Intergroup compari-
son was analyzed by one-way analysis of variance
(ANOVA) tests. P value less than 0.05 was considered
statistically significant.

Results

A total of 309 patients were included in the retrospect-
ive study. The mean age was 69.0 £ 8.2 years (range
52-90years). There was no significant difference in
age and BMD among the seven phases, which indi-
cated the homogeneous distribution of samples and
avoided the effects of age and BMD in normal kinetic
of BTMs after OVCFs.

All the kinds of BTM’s serum concentration began to
increase within 3 days after vertebral fracture (phase 1).
However, the existing time and extent of the peak value
varied for each kind of BTMs. The changes of BTMs
during different periods after vertebral fracture were
shown in Fig. la—f. Differences of BTMs among seven
phases showed statistical significance. Detailed descrip-
tions and comparisons of BTMs among different
periods of time after fracture were shown in Table 1.
All data conformed to the law of normal distribution;
hence, the values were expressed as mean * standard
deviation (SD).
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Fig. 1 a-f Kinetics of bone biochemical markers during different time periods after osteoporotic vertebral compression fractures. Results of osteocalcin
(a), B-isomerized C-terminal telopeptides (3-CTX, b), alkaline phosphatase (ALP, c), type | procollagen amino-terminal peptides (PINP, d), serum calcium
(e), and serum phosphorus (f) are indicated as mean + standard error of mean (SEM)

The serum concentration of OC reached the first
peak value (21.4+5.6ng/ml) in phase 2 (3 days to
1 week), then decreased slightly thereafter till 2 weeks
after the vertebral fracture, when OC restarted to
increase gradually and reached its second peak value
(25.8 £ 7.5 ng/ml) phase 6 (12 to 24 weeks). B-CTX had
similar kinetics as OC, it reached its first peak (0.72 +

0.17 ng/ml) in phase 2 and the second peak (0.89 + 0.23
ng/ml) in phase 6.

ALP began to increase after vertebral fracture grad-
ually and the single peak (123.9+25.7U/L) arrived in
phase 4 (2 to 4 weeks). PINP maintained increasing after
4 weeks since the vertebral fracture; it reached the peak
value (69.5+16.8 ng/ml) in phase 6 (12 to 24 weeks).

Table 1 Comparisons of bone turnover markers and others at different periods of time after OVCFs

Variables Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 P
Number 40 46 37 35 75 38 38

Age (years) 67.1+88 71.0+89 70.7£9.3 68.1+7.8 68.5+ 74 699+ 74 6/6+76 0.204
BMD (g/cmz) 0.74+£0.19 069+0.17 0.78 £0.14 0.78+0.12 0.70£0.15 0.70£0.20 0.77 £0.11 0.138
Osteocalcin (ng/ml) 16648 214+56 192£46 205+55 23.7+65 258+75 211471 < 0.001
B-CTX (ng/ml) 061=£0.17 072+0.17 068 £0.17 0.79+0.22 0.84+£0.28 0.89+0.23 0.65+0.27 <0.001
ALP (U/L) 860+ 180 91.5+£178 100.7 £20.9 1239+257 111.7+£205 106.0 £ 23.1 97.8 £264 <0.001
PINP (ng/ml) 478+ 134 526+132 543+ 10.1 62.1+£156 69.3+213 69.5+16.8 582+ 186 <0.001
Calcium (mmol/L) 227 £0.09 2.29+0.09 230£0.07 2.28+£0.07 2.34+£0.08 2.28+£0.07 227+0.14 0.001
Phosphorus (mmol/L) 1.12£0.13 121+0.13 1.15£0.10 1.23+0.09 123+0.13 1.20£0.09 1.18+0.13 <0.001

OVCFs osteoporotic vertebral compression fractures, BMD bone mineral density, B-CTX B-isomerized C-terminal telopeptides, ALP alkaline phosphatase, PINP type |

procollagen amino- terminal peptides
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Serum phosphorus concentration reached the first peak
(1.21 £ 0.13 mmol/L) in phase 2 (3 days to 1 week) and
the second peak (1.23 +0.13 mmol/L) in phase 4 (2 to
4 weeks), and then, it declined slightly till 12 weeks after
vertebral fracture. Serum calcium reached the first peak
value (2.30 + 0.07 mmol/L) in phase 3 (1 week to 2 weeks).
After about 2 week’s decline, a marked increase was ob-
served in phase 5 (4 to 12 weeks), arriving at the second
peak value of 2.34 + 0.08 mmol/L.

Discussion

Osteoporosis has been becoming a worldwide health
issue due to the aging of societies. Osteoporosis is de-
fined as low bone mass and microarchitectural deterior-
ation of bone tissue by the World Health Organization
(WHO) [2]. It can increase the bone fragility and the risk
of subsequent fracture. For the elderly, the most com-
mon type of osteoporotic fracture is OVCF [12, 13].
Most OVCFs belong to fragility fracture, resulting from
a simple fall from a standing height or less; even some
fractures occur due to coughing, sneezing, or turning
over in bed, etc. The early major symptom of OVCF is
acute back pain, for which some routine activities could
be restricted, such as bending, lifting a heavy object, and
sitting from a recumbent position. Generally speaking,
to know the clinical manifestations, we can estimate
accurately the time when the fracture occurs.

It is well known that there are two categories of osteo-
porosis: primary and secondary. Most of the patients
with primary osteoporosis are postmenopausal female.
Bone metabolic processes are uncoupled in postmeno-
pausal female as a character that the elevated bone
resorption is much faster than bone formation. It means
high bone turnover rate and marked negative calcium
balance [14]. In this paper, the objects we investigated
were postmenopausal female with primary osteoporosis.

BTMs are good surrogate parameters to monitor the
rate of bone formation and resorption. Several studies
have investigated the changes of BTMs in serum and urine
after lower limb fractures with the aiming to monitor the
fracture healing process [5-9]. So far, few data is available
in the literature on BTMs’ variation after vertebral frac-
ture, especially for OVCEF. Furthermore, most of the previ-
ous studies investigated the postoperative changes of
BTMs following lower limb fractures. However, operation,
especially the instrumentation procedure such as intrame-
dullary nail fixation, affects the bone metabolism markers
obviously, because they destruct the bone and then influ-
ent BTMs’ normal kinetics [5-8].

The present study is a cross-sectional study designed
to avoid the effects of operations and drugs. The authors
collected BTMs’ information of OVCF patients before
surgeries and administration of anti-osteoporosis drugs.
The large scale of samples guarantees the accuracy of
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the normal kinetics of BTMs after OVCEF. Different from
the previous studies [5-9], the present study focuses
only on OVCF and covers a wide range of period from
the onset of the fracture, through the period of fracture
repair, to 1year after the fracture. Meanwhile, the au-
thors selected the subjects before surgeries and adminis-
tration of anti-osteoporosis drugs and turning out
fracture union within 24 weeks, reflecting the normal
variances of BTMs in fracture healing process more ac-
curately. Through comparisons among the seven phases,
we found that there were no significant differences in
age and BMD, which indicated the homogeneous distri-
bution of samples and avoided the effects of age and
BMD in the changes of BTMs after OVCFs.

This study selected OC, ALP, and PINP to monitor
the bone formation. OC, the most important non-colla-
gen protein produced by the osteoblasts in the bone
matrix, is a kind of calcium-binding protein which is
dependent on vitamin K and is associated with the
mineralization process [15]. ALP is mainly composed of
bone and liver isoforms [16], and the presence of bone
alkaline phosphatase on the membrane of osteoblastic
cells is required for bone mineralization [17]. ALP is
capable of monitoring the fracture healing without liver
or intestinal disorder [9]. PINP is derived from the
degradation of type I procollagen produced by osteo-
blasts during the conversion of procollagen to collagen
[18]. CTX is chosen as bone resorption marker in the
present study, which is one kind of breakdown prod-
ucts of type I collagen [10].

Fracture healing comprises of three consecutive phases:
inflammation, regeneration, and remodeling phase. But
they do not exist one by one; they actually overlap sub-
stantially and complete the fracture healing process
together [19]. Recently, Scimeca et al. [20] have reported
that PTX3 takes an active role in osteoblast proliferation,
differentiation, and function; meanwhile, a decreased
PTX3 production is observed in osteoporotic patients.
According to the effect of PTX3, it is easy to postulate that
delayed union or nonunion is related to the low PTXs
level which declines the osteogenic capability in vivo.

During the immediate post-fracture period, the bone
at fracture surface shows necrosis for 1 or 2 mm due to
interruption of blood supply. Phagocytes mop up the
necrotic bone and soft tissue, leading to release break-
down products of the bone matrix into the bloodstream,
including small degradation fragments of type I collagen,
OC, calcium, and phosphorus. Consequently, the level of
above assay indices might increase temporarily during
the initial stage of bone resorption, as suggested by pre-
vious studies [21, 22]. Our results also support the simi-
lar changes: the concentrations of serum phosphorus
(1.21 £ 0.13 mmol/L), OC (21.4 + 6.0 ng/ml), and B-CTX
(0.72 £ 0.17 ng/ml) reached the first peak values between
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3 days and 1 week after vertebral fracture and serum cal-
cium (2.30 = 0.07 mmol/L) between 1week and 2 weeks
after fracture. It indicated that active osteoclastic re-
moval of the necrotic tissues occurs between 3 days and
2 weeks after the vertebral fracture. It is in accordance
with fracture hematoma and inflammation phase dem-
onstrated in biopsies collected within the first 2 weeks
after vertebral fractures [23]. Therefore, at the initial
stage after fractures, resorption markers reached the first
peak concentrations before the increases in bone forma-
tion markers, meaning a net loss of bone mass.

In the regeneration phase, the fragment ends are sur-
rounded by cellular tissue to provide a stable structure
to benefit skeletal tissue repair. It has been proven that
the amount of ALP is accompanied by callus formation
[24]. Our results show that ALP reaches maximal con-
centration (123.9 + 25.8 U/L) between week 2 and week
4 after fracture. Since the subjects are free from liver or
intestinal disorders, ALP value could reflect the bone
formation activity [9]. The early soft callus contains
mostly fibrous tissue and bone collagen which increases
bone tenacity, and the hard callus is growing through
continuous mineralization process which enhances
bone hardness. According to our results, these bone
metabolism markers associated with mineralization in-
crease in turn to benefit calcium and phosphate deposit
into the bone matrix possibly. Serum phosphorus (1.23
+0.13 mmol/L) reached the second peak between week
2 and week 4, serum calcium (2.34 + 0.08 mmol/L) be-
tween week 4 and week 12, and OC (25.8 + 7.5 ng/ml)
between week 12 and week 24 following vertebral frac-
tures. Histomorphometric analysis of biopsy tissue has
demonstrated that active bone matrix synthesis and en-
dochondral bone formation occur at 2-4 weeks and
new woven bone formation at 4—6 weeks post-vertebral
fracture [23], which achieves consensus with our result
on the whole.

With regard to the remodeling phase, which is the
final process in fracture healing, it is characterized by
a high rate of the bone turnover process. With a series
of coupled cycles of bone depositions and resorptions
by osteoblasts and osteoclasts, the immature woven
bone is replaced by stronger lamellar bone containing
regular type I collagen progressively, which accounts
for more than 90% of the organic bone matrix [5].
Hence, the levels of markers associated with metabol-
ism of type I collagen will increase correspondingly.
Over a period of months or even years, this crude
“weld” is remodeled reconstituting normal bone shape
[25, 26]. According to our data, PINP (69.50 + 16.82
ng/ml) and B-CTX (0.89 £ 0.23 ng/ml) reach the max-
imal concentrations between week 12 and week 24
post-fracture, which is interpreted as the accelerated
bone remodeling in this period. Meanwhile, this result
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also demonstrated that type I collagen played an im-
portant role in the remodeling phase. Similar results
are reported by Stoffel et al. [5] and Veitch et al. [7],
which demonstrate that the PINP and f-CTX rise to a
maximum level at week 12 and remain elevated until
week 24 secondary to ongoing remodeling stage after
tibial fractures. The level of PTX3 should be high in
the active bone formation process [20]. However, if
PTX3 produced by osteoblasts is insufficient, the
remodeling process would be affected, leading to de-
layed union.

The kinetic of BTMS after OVCFs is helpful to choose
the best treatment to promote fracture healing in every
phase after OVCF. Conservative or invasive manage-
ments are administrated to reduce the acute pain after
vertebral fracture. Common conservative treatments in-
clude bed rest, painkiller medication, physiotherapy, and
bracing [27]. For symptomatic OVCFs without neuro-
logical impairment, vertebroplasty and kyphoplasty are
effective to relieve the symptoms. They are usually per-
formed as percutaneous minimally invasive vertebral
augmentation procedures.

Meanwhile, anti-osteoporotic drugs containing antire-
sorptive and anabolic agents are essential to facilitate
fracture healing. The treatments for osteoporosis should
be personalized, because patients could show a great
difference in the response to anti-osteoporotic therapy.
According to the recent study reported by Valeria et al.
[28], C/T-Fokl single nucleotide polymorphism (SNP)
rather than A/G-Bsml SNP of the vitamin D receptor
(VDR) gene could influence the antiresorptive treatment
response in postmenopausal osteoporosis.

General variation trends of BTMs after OVCF as well
as the reference value at each period are established in
our study. According to these criteria of BTMs, we can
estimate the rates of bone formation and resorption
process and predict the fracture healing outcomes. It is
helpful for adapting therapeutic interventions to facili-
tate fracture healing. However, some deficiencies have to
be mentioned. One of the major limitations is the inclu-
sion of a relatively small sample; therefore, further
research based on a more larger-scale population will be
required in order to draw full conclusions. Moreover,
the present utilized BTMs are insufficient to evaluate
bone formation and bone resorption, more kinds of BTMs
should be taken into account to monitor fracture healing,
including bone alkaline phosphatase (BALP) [10], type I
procollagen amino-terminal peptides (PIIINP) [18], and
Pentraxin 3 (PTX3) [20]. In addition, we only consider the
effect of time in fracture healing and neglect other factors
that may influence the levels of bone metabolic markers.
Therefore, in future study, we will continue to reach more
accurate results by differentiating gender, age, BMD, basic
diseases, and so on.
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Conclusion

The time-dependent variations of BTMs based on the
fracture healing process of inflammation, regeneration,
and remodeling occur after vertebral fracture. Kinetics
of BTMs after osteoporotic vertebral compression frac-
tures as well as the reference value at each period was
established in the present study. It is helpful to assess
and monitor better vertebral fracture healing process ac-
cording to the kinetics of BT Ms.
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Acknowledgements

The authors thank the laboratory and department of image of our hospital,
for providing the data of bone biochemical markers and bone mineral
density in patients with osteoporotic vertebral compression fractures.

Funding
We do not receive any funding support.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Authors’ contributions

CP and GW conceived and designed the study. TL and XL measured and
recorded the data. CP and GW wrote the paper. JS reviewed and edited
the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate

Ethics approval was sought and the study was approved by the institutional
review board at Shandong Provincial Hospital affiliated to Shandong University.
Written informed consent was obtained from all patients.

Consent for publication
All patients involved had given informed consent.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 16 October 2018 Accepted: 28 November 2018
Published online: 07 December 2018

References

1. Pallin DJ, Espinola JA, Jr CC. US population aging and demand for inpatient
services.[J]. J Hosp Med. 2014;9(3):193-6.

2. Kanis JA. Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis: synopsis of a WHO report. WHO Study
Group. Osteoporos Int. 1994;4(6):368-81.

3. Cauley JA, Thompson DE, Ensrud KC, et al. Risk of mortality following clinical
fractures. Osteoporos Int. 2000;11(7):556-61.

4. Cheung WH, Miclau T, Chow SK, et al. Fracture healing in osteoporotic
bone. Injury. 2016;47:521-6.

5. Stoffel K, Engler H, Kuster M, et al. Changes in biochemical markers after
lower limb fractures. Clin Chem. 2007;53(1):131.

6. Cox G, Einhorn TA, Tzioupis C, et al. Bone-turnover markers in fracture
healing. J Bone Joint Surg Br Vol. 2010,92(3):329-34.

7. Veitch SW, Findlay SC, Hamer AJ, et al. Changes in bone mass and bone
turnover following tibial shaft fracture. Osteoporos Int. 2006;17(3):364.

(2018) 13:314

21.

22.

23.

24.

25.

26.

27.

28.

Page 6 of 6

Yuyahiro JA, Michael RH, Dubin NH, et al. Serum and urine markers of bone
metabolism during the year after hip fracture. J Am Geriatr Soc. 2010;49(7):
877-83.

Sousa CP, Dias IR, Lopez-Pefia M, et al. Bone turnover markers for early
detection of fracture healing disturbances: a review of the scientific
literature. An Acad Bras Cienc. 2015,87:1049-61.

Nishizawa Y, Ohta H, Miura M, et al. Guidelines for the use of bone
metabolic markers in the diagnosis and treatment of osteoporosis (2012
edition). J Bone Miner Metab. 2013;31(1):1-15.

Szulc P, Naylor K, Hoyle NR, et al. Use of CTX-I and PINP as bone turnover
markers: National Bone Health Alliance recommendations to standardize
sample handling and patient preparation to reduce pre-analytical variability.
Osteoporos Int. 2017;28(9):2541-56.

Siris ES, Adler R, Bilezikian J, et al. The clinical diagnosis of osteoporosis: a
position statement from the National Bone Health Alliance Working Group.
Osteoporos Int. 2014;25(5):1439-43.

Glaser DL, Kaplan FS. Osteoporosis: definition and clinical presentation.
Spine. 1997;22(24 Suppl):12S.

Lane NE. Epidemiology, etiology, and diagnosis of osteoporosis. Am J
Obstet Gynecol. 2006;194(2):53-S11.

Price PA. Vitamin K-dependent formation of bone Gla protein (osteocalcin)
and its function. Vitam Horm. 1985;42(42):65.

Green S, Anstiss CL, Fishman WH. Automated differential isoenzyme
analysis. II. The fractionation of serum alkaline phosphatases into “liver’,
“intestinal” and “other” components. Enzymologia. 1971;41(1):9-26.

Harris H. The human alkaline phosphatases: what we know and what we
don't know. Clin Chim Acta. 1990;186(2):133-50.

Liu SH, Yang RS, al-Shaikh R, Lane JM. Collagen in tendon, ligament, and
bone healing. A current review. Clin Orthop Relat Res. 1995;318:265-78.
Phillips AM. Overview of the fracture healing cascade. Injury. 2005;36(3):55-7.
Scimeca M, Salustri A, Bonanno E, et al. Impairment of PTX3 expression in
osteoblasts: a key element for osteoporosis. Cell Death Dis. 2017;8(10):e3125.
Bowles SA, Kurdy N, Davis AM, et al. Serum osteocalcin, total and bone-
specific alkaline phosphatase following isolated tibial shaft fracture. Ann Clin
Biochem. 1996;33(Pt 3):196.

Emami A, Larsson A, Petrén-Mallmin M, et al. Serum bone markers after
intramedullary fixed tibial fractures. Clin Orthop Relat Res. 1999;368(368):220-9.
Diamond TH, Clark WA, Kumar SV. Histomorphometric analysis of fracture
healing cascade in acute osteoporotic vertebral body fractures. Bone. 2007;
40(3):775-80.

Muljaci¢ A, Poljak-Guberina R, Zivkovi¢ O, Bili¢ V, Guberina M, Crvenkovi¢ D.
Course and rate of post-fracture bone healing in correlation with bone-
specific alkaline phosphatase and bone callus formation. Coll Antropol.
2013;37(4):1275-83.

Thompson Z, Miclau T, Hu D, et al. A model for intramembranous
ossification during fracture healing. J Orthop Res. 2010;20(5):1091-8.
Einhorn TA, Gerstenfeld LC. Fracture healing: mechanisms and interventions.
Nat Rev Rheumatol. 2015;11(1):45-54.

Longo UG, Loppini M, Denaro L, et al. Osteoporotic vertebral fractures:
current concepts of conservative care. Br Med Bull. 2012;102(1):171-89.
Conti V, Russomanno G, Corbi G, et al. A polymorphism at the translation
start site of the vitamin D receptor gene is associated with the response to
anti-osteoporotic therapy in postmenopausal women from southern Italy.
Int J Mol Sci. 2015;16(3):5452-66.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

