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Abstract
To assess the time from fracture until bone turnover markers (BTM), which are biochemical markers reflecting in vivo bone
formation and resorptive activity, have returned to a stable level since BTM have been shown to be at least as good as bone
mineral density inmonitoring the effect of anti-resorptive treatment in osteoporosis. This study searched for articles in PUBMED,
CINAHL, Medline, EM-BASE, and Cochrane, and identified 3486 unique articles. These articles were screened based on
predefined inclusion and exclusion criteria. Seven articles addressing time to normalization of either CTX, PINP, osteocalcin,
or bone-specific alkaline phosphatase after a recent fracture were identified and these were analyzed qualitatively. CTX appeared
to return to baseline within 6 months. PINP appeared to return to baseline within 6 months and interestingly dip below baseline
after a year. Osteocalcin was elevated throughout the first year after a fracture, with most changes in the first 6 months. Bone-
specific alkaline phosphatase (BAP) was increased for up to a year, however with a discrepancy between used assays. Seven
studies were identified, showing CTX and PINP to return to baseline within 6 months. OC was elevated for 12 months. BAP was
increased for up to a year. However, none of these studies had fasting patients and a long follow-up period with regular
measurements. The studies could indicate that the BTM CTX and PINP have returned to baseline within 6 months; however,
further studies are needed assessing pre-analytical factors while having a long follow-up. Bone turnover markers appear as good
as or better than bone mineral density in monitoring the effect of anti-resorptive medication in osteoporosis. This study tries to
identify the time from fracture until BTM are back at baseline. Most studies did not however take pre-analytical variation into
consideration. Further research is therefore needed.
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Introduction

Bone is a dynamic tissue undergoing continuous anabolic and
catabolic turnover. Under normal conditions, there is a balance
between bone formation and bone resorption. In contrast, in
conditions affecting bone metabolism, e.g., osteoporosis or
Mb. Paget, the bone turnover is often changed [1, 2].

The turnover of bone can be assessed by measuring bone
turnover markers (BTM). BTM can be subdivided into bone
formation markers [3, 4] and bone resorption markers. Bone
formation markers primarily reflect osteoblastic bone-forming
activity. During bone formation, type 1 collagen replaces type
3 collagen and takes part of the bone matrix [5]. This, in turn,
yields fragments from the formation of type 1 collagen from
procollagen: type-1 c-terminal propeptide, PICP [6, 7], and
type-1 n-terminal propeptide, PINP [8, 9]. Several articles
have suggested that PINP is a more sensitive bone formation
marker than the others. As such, it is preferable with regard to
monitoring the effect of anti-resorptive medication and bone
anabolic medication [10].

During enzymatic degradation of bone matrix by the oste-
oclasts, the bone resorption marker C-terminal collagen cross-
links, CTX, which consists of cross-linked telopeptides from
collagen, are released [11].
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In 2011, a working group from the International
Osteoporosis Foundation (IOF) and the International
Federation of Clinical Chemistry (IFCC) recommended
CTX and PINP as the BTM of choice to be used in fracture
risk prediction and monitoring anti-resorptive treatment in os-
teoporosis (e.g., bisphosphonates) [12], and furthermore rec-
ommended the use of CTX and PINP in clinical studies re-
garding osteoporosis. Studies measuring both bone mineral
density (BMD) and BTM in association with fracture risk in
osteoporotic patients have shown that changes in S-CTX and
S-PINP are at least as good as BMD in predicting fracture risk
reduction in patients receiving anti-resorptive treatment
[13–15].

Moreover, a working group from IOF and European
Calcified Tissue Society (ECTS) has also recommended the
use of PINP and CTX in the screening of adherence to treat-
ment with bisphosphonates [16].

Therefore, using BTM could be beneficial; however, a
number of pre-analytical factors affect the variability on the
analytes.

Although CTX is the recommended bone resorption mark-
er, a lot of factors influence the concentration. Among those
are the circadian rhythm of CTX with peaks in concentration
around 5 a.m. and nadir around 2 p.m. [17–19]. In contrast,
PINP has a less pronounced circadian rhythm with a smaller
diurnal variation [20]. In addition, other factors like food in-
take [17, 21], renal insufficiency [22], age [23], and exercise
[24] influence the concentrations of CTX. Therefore, mea-
surements of CTX should be performed on fasting patients

in the morning (i.e., before 10 a.m.) in order to reduce the
pre-analytical variation as much as possible [17]. As a conse-
quence of the small circadian rhythm of PINP, the time of day
can be ignored if PINP is the only BTM analyzed [10, 20, 25].
PINP and osteocalcin (OC) are influenced by food intake as
well, but to a lesser degree than CTX. In contrast, bone-
specific alkaline phosphatase (BAP) is not affected by food
intake. Thus, if PINP is the only BTM analyzed, fasting is
however not necessary [10]. Vigorous exercise should be
avoided the day before a blood sample, in order to reduce
variation [26]. In order to ensure the stability until analysis
of the two BTM, OC, and CTX, blood should be collected
in EDTA-containing tubes, whereas PINP and BAP are stable
in serum [27]. The samples should be processed immediately
or frozen in order to ensure the quality [27].

Another pre-analytical factor potentially affecting levels of
BTM is recent fracture and the healing of bone following a
fracture. Bone healing can be subdivided into four phases: an
initial inflammation phase in which a hematoma is formed
around the fracture [28]. This hematoma and inflammation
persists for roughly 2 weeks after which a soft callus forms
around the fracture [28]. Later, a hard callus is formed, which
persists up until 4 months after fracture. During this period,
new bone is formed in the gap of the fracture by endochondral
ossification. Once the fracture is solidly united, remodeling is
initiated in the fracture area [28]. This remodeling can take up
to several years and is characterized by osteoclast and osteo-
blast activity replacing the woven bone in the fracture area
with lamellar bone [28]. Thus, the bone healing process can

Table 1 Search strategy. The individual queries were all searched individually. The verticals were combined by an OR operator in the search engines
and the different queries were combined by an AND operator

Biomarker query Osteoporosis query Fracture query

PINP (ti/ab) Osteoporosis (ti/ab) Fracture (ti/ab)

P1NP (ti/ab) Osteopenia (ti/ab)

Procollagen (adj3) Propeptide (ti/ab) Osteopor$ (ti/ab)

Procollagen (adj3) peptide (ti/ab) Low bone mass (ti/ab)

Collagen (adj3) propeptide (ti/ab)

BASP OR BALP OR BAPAND bone OR bones OR biomarker$ OR biological marker$) (ti/ab)

Crosslaps (ti/ab)

Telopeptide$ (adj3) collagen (ti/ab)

n-Telopeptide$ (adj3) collagen (ti/ab)

c-Telopeptide$ (adj3) collagen (ti/ab)

Bone turnover marker$ (ti/ab)

Bone metabolic marker$ (ti/ab)

Biological markers and exp “Bone and Bones” (ti/ab)

Biochemical marker$ or biomarker$ or biological marker$ (adj2) bone$ (ti/ab)

Bone marker$ (ti/ab)

Osteocalci$ (ti/ab)

BGLAP (ti/ab)

Bone gamma (adj4) protein (ti/ab)
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potentially affect the levels of bone turnover markers long
time after the fracture has initially stabilized. Therefore, the
aim of this study was to systematically review studies analyz-
ing the concentration of BTM following fractures and find the
time from fracture until the concentration of BTM has
returned to pre-fracture levels and furthermore has stabilized.
This is important in order to be able to know when and how
BTM can be used in monitoring anti-osteoporotic again after a
fracture.

Method

Search strategy

A systematic literature search was performed on CINAHL,
EMBASE, Medline, PUBMED, and Cochrane Libraries on
the 22nd of February 2018 to obtain every report regarding
BTM, osteoporosis, and fractures in combination. In summa-
ry, the strategy shown in Table 1, where the search queries in
the columns were combined by an OR-operator and the rows
were combined by an AND-operator, was followed. MESH-
terms were deliberately avoided in order to include the newest
articles. On the 11th of June 2018 and again on March 15,
2019, the search was conducted a second and third time in
order to include articles published in between the two
searches. Publications from 1947 until week 23 of 2018 were
included. Articles were included in English, German, and
French.

Selection process

The first author conducted the search and entered the articles
into EndNote (EndNote X8;

Thomson Reuters, Philadelphia, PA), where duplicates
were removed. The articles were imported to the online soft-
ware platform Covidence (www.covidence.com), where the
first author screened the articles based on the inclusion and
exclusion criteria. In the case of articles that did not explicitly
fulfill the inclusion criteria, the last author was consulted.

The reference lists of chosen articles were screened for
missed titles.

The inclusion criteria of articles were as follows:

& Studies describing any BTM following fracture or trauma
& Studies with a population of patients with osteoporosis
& Studies comparing “baseline” BTM measurements with

one or more follow-up measurements
& Studies with a follow-up time of 24 weeks or more

The exclusion criteria were as follows:

& Studies where all or a majority of patients were treated
with anti-resorptive pharmaceuticals (e.g., zoledronic
acid)

& Studies where BTM were measured in animals
& Conference abstracts

All inclusion criteria and none of the exclusion criteria had
to be fulfilled for the article to be included.

5.610 Records identified 

through database searching
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7 Additional records identified 

through other sources

3.486 Records after duplicates 
removed

3.486 Records 
screened

3.416 Records 
excluded

70 Full-text articles 

assessed for eligibility

63 Full-text articles 
excluded

7 Studies included in 

qualitative synthesis

Fig. 1 PRISMA flow chart of
search strategy
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Quality assessment of studies

No quality assessment tool was found as the perfect tool for
assessing bias and quality in the included studies. Therefore,
the assessment of quality was based on whether the study
made an effort to identify and eliminate pre-analytical factors,
the length of follow-up, and the characteristics of the included
patients.

Results

Study selection

The PRISMA flow chart of the search strategy can be seen in
Fig. 1. The search strategy yielded 7 articles. Main character-
istics of the 7 articles are presented briefly in Table 2. All 7

included studies were prospective cohort studies. A total of
687 patients were included in the studies of which 80.5%
(553) had a fracture. In total, 10 biomarkers were investigated
in the 7 articles; however, not all of these were bone markers
and most were only analyzed in one study. Thus, four bio-
markers were chosen for further analysis: BAP, PINP, CTX,
and OC. The studies are listed in Table 3 with a summary of
how the biomarkers are deviating from the baseline in the
studies.

Changes in CTX

The studies from Ivaska et al., Ohishi et al., Veitch et al., and
Yan et al. all measured CTX after fracture [32–35]. Ivaska
et al. found that CTX increased during 2 weeks following
fracture and decreased in the following 2–3 months. After
6 months, they had returned to a stable level close to pre-

Table 2 Included studies of the systematic review. All biomarkers analyzed in the respective studies are listed regardless of whether they are relevant to
the review

Author Biomarker(s) # of patients Men/women Age range (mean) Length of follow-up Fracture type

Hitz et al. 2007 [29] • S-PINP
• S-OC
• S-ICTP

122 21/101 Unclear range (70.0) 1 year Hip or upper extremities

Ingle et al. 1999 [30] • BAP
• OC
• PINP
• TRAcP
• DPD
• NTX

14 7/7 51–86 (63) 1 year Ankle

Ingle et al. 1999 [31] • BAP
• OC
• PINP
• TRAcP
• DPD
• NTX

20 0/20 47–79 (63) 1 year Distal forearm

Ivaska et al. 2007 [32] • S-CTX
• S-TRAcP
• S-PINP
• S-OC
• U-DPD
• U-OC

113 0/113 Unclear range (77.9) 1 year Hip, distal forearm, vertebral,
and others

Ohishi et al. 2008 [33] • S-CTX
• S-OC
• U-Pyr
• U-DPD
• U-CTX

33 8/25 Unclear range (71.8) 48 weeks Vertebral

Veitch et al. 2006 [34] • S-BAP
• S-OC
• S-PINP
• S-CTX
• S-PIIINP

18 16/2 18–78 (34) 24 weeks Tibial

Yan et al. 2017 [35] • S-CTX
• S-PINP
• S-POstn

261 0/261 76–84 (80) 1 year Femoral

S biomarkers measured in serum, U biomarkers measured in urine, BAP bone-specific alkaline phosphatase, CTX carboxy-terminal telopeptide cross-
links,DPD deoxypyridinoline,NTX amino-terminal telopeptide cross-links,OC osteocalcin,Pyr pyridinoline, PICP type-1 c-terminal propeptide, PINP
type-1 n-terminal propeptide, PIIINP type-3 n-terminal propeptide, POstn periostin, TRAcP tartate-resistant acid phosphatase
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fracture levels, although it was elevated throughout the 1-year
follow-up. Ohishi et al. found a significant increase in both u-
and s-CTX in the first 4 weeks but found no significant devi-
ation after the 12th week. Furthermore, they found no signif-
icant difference in CTX when comparing patients with non-
union of the spine and patients with normal union of the spine.
Veitch et al. found elevated levels of CTX throughout the 24-
week follow-up period following a tibial shaft fracture. Lastly,
Yan et al. found an increase in CTX in the first 14 days of the
study followed by a steady decline throughout a yearlong
follow-up. However, it did not return to baseline within the
follow-up period.

Changes in PINP

Hitz et al., Ingle et al., Ivaska et al., Veitch et al., and Yan et al.
all analyzed PINP after fracture [29–32, 34, 35]. Hitz et al.
found PINP to rise during the early period after fracture, but it
had returned to baseline after 4 months. Interestingly, a dip
below their baseline was detected after 1 year. They did how-
ever not calculate whether the deviation from baseline was
statistically significant. Ingle et al. found that for ankle frac-
tures, PINP was significantly higher within the first 180 days.
For forearm fractures, they found PINP to be significantly

elevated up to and including 360 days after the fracture.
Ivaska et al. found that like CTX, PINP increased in 2 weeks
following fracture and decreased in the following 2–3 months
with a complete return to a stable level close to pre-fracture
levels within 6 months. Veitch et al. found a significant in-
crease in PINP of 100% within the first 12 weeks which
remained elevated compared to baseline throughout the 52-
week follow-up. Lastly, Yan et al. found a gradual increase of
PINP in the first 30 days followed by a steady decline through-
out the study period of a year.

Changes in OC

Hitz et al., Ingle et al., Ivaska et al., Ohishi et al., and Veitch
et al. measured OC after fracture [29–34]. Hitz et al. found OC
to rise throughout the 12-month follow-up; however, like for
PINP, they did not calculate whether this deviation was statis-
tically significant. In patients with ankle fractures, Ingle et al.
found OC to be above baseline level between 7 and 180 days
after the fracture, but no significant increase in OC after
360 days could be detected. In patients with distal forearm
fractures, they found OC to be significantly increased com-
pared to baseline level between 42 and 360 days post fracture.
Ivaska et al. found serum OC to peak later than other

Table 3 Summary of concentration of biomarkers measured in the
included studies. Columns are denoting the deviation compared to the
baseline established in the study. ↑: increased concentration p < 0.05, ↓:

decreased concentration p < 0.05, ↑NC: increase but not calculated if it is
significant, ↓ NC: decrease but not calculated if it is significant, 0:
nonsignificant deviation, ND: not done at this point of time

Author 1 week 2 weeks 4 weeks 6 weeks 2 months 3 months 4 months 6 months 12 months

CTX

Ivaska et al. [32] 0 ND ND ND ND ND ↑ ND ↑ NC

Ohishi et al. [33] ND ↑ ↑ ND ND 0 ND 0 0

Veitch et al. [34] ↑ ↑ ↑ ND ↑ ↑ ↑ ↑ ND

Yan et al. [35] ↑ NC ↑ NC ↑ NC ND ND ND ND ND ↑ NC

PINP

Hitz et al. [29] ND ND ↑ ND ND ↑ NC ND ND ↓

Ingle et al. [30] ↑ ↑ ↑ ↑ ND ↑ ND ↑ 0

Ingle et al. [31] ↑ ↑ ↑ ↑ ND ↑ ND ↑ ↑

Ivaska et al. [32] – ND ND ND ND ND ↑ ND ↑ NC

Veitch et al. [34] ↑ ↑ ↑ ND ↑ ↑ ↑ ↑ ND

Yan et al. [35] ↑ NC ↑ NC ↑ NC ND ND ND ND ND ↑ NC

OC

Hitz et al. [29] ND ND ↑ NC ND ND ↑ NC ND ND ↑ NC

Ingle et al. [30] ↑ ↑ 0 ↑ ND ↑ ND ↑ 0

Ingle et al. [31] 0 0 0 ↑ ND ↑ ND ↑ ↑

Ivaska et al. [32] 0 ND ND ND ND ND ↑ ND ↑ NC

Ohishi et al. [33] ND 0 ↑ ND ND ↑ ↑ ND ↑

Veitch et al. [34] ↑ ↑ ↑ ND ↑ ↑ ↑ ↑ ND

BAP (ELISA)

Ingle et al. [30] 0 0 ↑ ↑ ND 0 ND 0 0

Ingle et al. [31] 0 ↑ ↑ ↑ ND ↑ ND ↑ ↑
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measured BTM (PINP, CTX, and TRACP5b) and found OC
levels to be elevated for a longer period. They concluded, that
most changes in BTM seem to take place in the first 6 months,
and that the BTM was elevated throughout the 1-year follow-
up period. Ohishi et al. found OC to be significantly elevated
between weeks 4 and 48 post fracture. They also found OC to
peak 24 weeks post fracture. Lastly, Veitch et al. found a
significant increase in OC peaking 12 weeks after fracture.
They attributed the relatively small increase compared to
PINP to cortisol-mediated suppression of OC, based on their

findings of 45% elevation of cortisol in fracture patients dur-
ing the first week.

Changes in BAP

Ingle et al. measured BAP after fracture in two separate stud-
ies. Ingle et al. found an increase in BAP between days 28 and
42 when analyzing with ELISA and between days 28 and 90
when analyzing with IRMA in patients with ankle fracture and
an increase in BAP from day 14 and throughout the yearlong

Table 4 Assessments of strengths and weaknesses. The studies were
screened for whether they assessed the pre-analytical variations and if
they did anything to reduce these. Based on these observations and

general strengths and weaknesses in studies (e.g., long follow-up as a
strength and few patients as a weakness), a summary of strengths and
weaknesses are made in the rightmost columns

Author Fasting Time of day of blood sample Timing of first
blood sample

Strengths Weaknesses

Hitz et al. 2007
[29]

No information in article Blood samples drawn before
noon within a 3-h window to
reduce effect of circadian
rhythm

Varying time of
inclusion. Some
inclusion of patients
through mail, yielding
a slow process

• Follow-up blood
samples drawn in a
3-h window

• Varying time of
inclusion

• Unclear whether
patients were
fasting

Ingle et al.
1999 [30]

Baseline blood sample
was not in fasting state.
Follow-up samples
was drawn in fasting
state

Unclear time of baseline sample.
Follow-up blood samples were
drawn in the morning

Baseline blood samples
drawn within 24 h of
fracture

• 52-week follow-up
• Relatively fast

inclusion of
patients after
fracture

• Few (n = 14)
patients in study

• Comparison of
non-fasting base-
line with fasting
follow-up blood
samples

Ingle et al.
1999 [31]

Baseline blood sample
was not in fasting state.
Follow-up samples
was drawn in fasting
state.

Unclear time of baseline sample.
Follow-up blood samples were
drawn in the morning

Baseline blood samples
drawn within 24 h of
fracture

• 52-week follow-up
• Relatively fast

inclusion of
patients after
fracture

• Few (n = 20)
patients in study

• Comparison of
non-fasting base-
line with fasting
follow-up blood
samples

Ivaska et al.
2007 [32]

Patients were not fasting
when the blood
samples were drawn

Blood samples were collected
between 1:15 a.m. and 11:30
p.m. at baseline and between
8:30 and 11:35 a.m. on
follow-up

Baseline blood samples
drawn within 26.4 h
(mean: 6.8 h) of
fracture

• Pre-injury baseline
blood and urine
samples

• Sporadic follow-up
with varying inter-
vals between sam-
ples

• Blood samples
collected were
non-fasting

Ohishi et al.
2008 [33]

No information in article Blood samples drawn between
9:00 a.m. and 11:00 a.m.

Blood samples drawn
between 9:00 a.m. and
11:00 a.m.

• Investigates
whether there is a
difference in
normal and
delayed union

• Unclear whether
patients are
fasting

Veitch et al.
2006 [34]

Baseline blood samples
drawn in non-fasting
state. Follow-up blood
samples in fasting state

Blood samples drawn between
8:00 a.m. and 10:00 a.m.

Baseline blood sample
drawn within first
48 h

• Follow-up blood
samples drawn in a
short time interval
and in fasting pa-
tients

• Baseline blood
sample drawn in
non-fasting state

• Few (n = 18)
patients

Yan et al. 2017
[35]

Blood samples drawn in
fasting state

Blood samples drawn in the
morning

Baseline blood sample
drawn in morning
after admission
between 7:00 a.m. and
9:00 a.m.

• Large cohort
(n = 261)

• Large control group
(n = 106)

• All blood sampled
in one batch

• Fasting patients

• No analysis
between 1 and
12 months

Osteoporos Int (2019) 30:2381–23892386



follow-up period when analyzing with ELISA and an increase
between days 7 and 180 when analyzing with IRMA in pa-
tients with a forearm fracture. However, they did not offer an
explanation on why the different assays provided different
results when analyzing the same BTM.

Discussion

This systematic review found that CTX generally returns to a
stable concentration close to baseline within 6 months in the
included studies. However, a few studies even showed a com-
plete return to baseline in an even shorter period of time. PINP
was generally found to return to a stable concentration close to
baseline within 6 months as well, but a few studies found it to
dip significantly below the baseline concentration between 1-
and 2-years post fracture. The studies found most changes in
OC to take place within the first 6 months, but also that the
changes in OC concentration in general appeared slower than
other BTMs. Lastly, BAP was found increased from day 28 to
day 42 in patients with an ankle fracture and from day 14 and
throughout the yearlong follow-up in forearm fractures when
analyzed with ELISA. When analyzed with IRMA, the in-
crease was found from day 28 to 90 in ankle fractures and
from day 7 to day 180 in forearm fractures. However, no
explanation was offered on why the two assays provided dif-
ferent results. Furthermore, this is based on two studies from

the same author group, further establishing the need for addi-
tional studies on the subject. Therefore, no firm conclusions
can be made regarding BAP.

The strengths and weaknesses of the 7 studies are listed in
Table 4 as well as details about the fasting state of patients and
timing of blood samples, since these two factors are para-
mount in reducing pre-analytical variation [17–19, 21].

As seen in Table 4, only 1 of the 7 studies, and Yan et al.
[35], analyzed blood from fasting patients and drew the blood
samples in the morning, thus reducing the influence of the
circadian rhythm on the variation in bone turnover markers.

Since PINP and CTX are the two recommended BTM in
monitoring adherence to anti-resorptive medication [16], re-
ducing pre-analytical variation in those is crucial. Therefore,
the strength of studies in which patients are not fasting and
where blood samples are obtained sporadically throughout the
day is lower than studies, which have either eliminated or
reduced the impact of these factors.

The main challenge in designing the perfect study is that it
is difficult to establish a true baseline of the biomarkers in
fracture patients, since including patients pre-fracture and
waiting for the patients to have a fracture episode, like the
design in Ivaska et al. [32], is costly and would require an
enormous cohort of patients in order to have enough power
in the fracture group. Secondly, the timing of the blood sample
at fracture is important as well. In a study where patients are
included when admitted to the hospital, a possibility could be

Table 5 Included articles sorted by biomarker

Biomarker Articles

PINP • Bone mineral density and bone markers in patients with a recent low-energy fracture: effect if 1-year treatment with calcium and vitamin
D1–3 [29]

• Changes in bone mass and bone turnover following ankle fracture [30]
• Changes in bone mass and bone turnover following distal forearm fracture [31]
• Effect of fracture on bone turnover markers: a longitudinal study comparing marker levels before and after injury in 113 elderly women [32]
• Changes in bone mass and bone turnover following tibial shaft fracture [34]
• Circulating periostin levels increase in association with bone density loss and healing progression during the early phase of hip fracture in

Chinese older women [35]

CTX • Effect of fracture on bone turnover markers: a longitudinal study comparing marker levels before and after injury in 113 elderly women [32]
• Sequential changes of bone metabolism in normal and delayed union of the spine [33]
• Changes in bone mass and bone turnover following tibial shaft fracture [34]
• Circulating periostin levels increase in association with bone density loss and healing progression during the early phase of hip fracture in

Chinese older women [35]

OC • Bone mineral density and bone markers in patients with a recent low-energy fracture: effect if 1-year treatment with calcium and vitamin
D1–3 (33)

• Changes in bone mass and bone turnover following ankle fracture [30]
• Changes in bone mass and bone turnover following distal forearm fracture [31]
• Effect of fracture on bone turnover markers: a longitudinal study comparing marker levels before and after injury in 113 elderly women [32]
• Sequential changes of bone metabolism in normal and delayed union of the spine [33]
• Changes in bone mass and bone turnover following tibial shaft fracture [34]

BAP • Changes in bone mass and bone turnover following ankle fracture (34)
• Changes in bone mass and bone turnover following distal forearm fracture (35)
• Changes in bone mass and bone turnover following tibial shaft fracture (31) [30, 31, 34]

Osteoporos Int (2019) 30:2381–2389 2387



to obtain the blood samples at admission and the morning
after, thus having both samples shortly after the fracture where
bone turnover might not have been affected already and
fasting morning blood samples the day after the fracture
(Table 5).

A study like Yan et al. [35] could be seen as a compromise
between reducing factors potentially introducing bias caused
by pre-analytical errors and reducing the cost by not establish-
ing a “true” baseline like Ivaska et al. [32], but instead estab-
lish a proxy baseline by obtaining blood in the first morning
post fracture. Yan et al. did however not obtain blood samples
between days 30 and 360. Since most other studies found
CTX and PINP to return to a stable level with insignificant
deviation from baseline in approximately 6 months, a study
with a similar design, but with more frequent blood sampling
between day 30 and day 360 would be favorable [29–35].

Studies measuring BTM in low-energy femoral and verte-
bral fractures could be interesting as well, since these patient
groups are osteoporotic by definition. These patients would be
expected to start anti-osteoporotic medication post fracture, if
they are not already receiving it. Since IOF and ECTS recom-
mend using PINP and CTX in screening adherence to treat-
ment with bisphosphonates, establishing the time from frac-
ture until the BTM have returned to a stable level is of clinical
relevance.

Although several studies were identified, a study has yet to be
made, in which the blood samples were drawn in themorning on
fasting patients, and where the follow-up period was long
enough for the biomarkers to return to pre-fracture baseline
levels. Such a study could be done on both patients receiving
anti-resorptivemedication and patients who do not. Furthermore,
in the design of such a study, the blood samples should be drawn
at least quarterly in order to establish the time from fracture until
the bone markers have returned to a stable concentration with
insignificant deviation from pre-fracture baseline.

In conclusion, there is a lack of studies taking the pre-
analytical variations of the bone turnover markers into ac-
count. Since the bone turnover markers are of clinical rele-
vance, further research is needed.
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