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Objective: Statins have been widely used for the treatment of hypercholesterolemia, and recent studies
have shown that these drugs also affect bone metabolism. The aim of this experiment was to follow the
effect of atorvastatin on bone metabolism in male albino Wistar rats. Methods: Our study was carried
out on 16 rats (240 £+ 10g) which were randomly divided into 2 groups of 8 animals. The control group
(CO) was given aqua pro injectione (0.2 mL/100 g BW; gavage) and the experimental group atorvastatin
suspension (AT; 0.3mg in 0.2 mL aqua pro inj./100 g BW; gavage) daily for 8 weeks. We examined serum
markers of bone turnover using ELISA — C-terminal crosslinking telopeptide of type | collagen (CTX-I), total
osteocalcin (total OC), procollagen type | N propeptide (PINP) and bone alkaline phosphatase (bone ALP).
We investigated bone morphogenetic protein-2 (BMP-2) in the proximal tibia using Western blot analysis.
Additionally, we measured bone mineral density (BMD). The femurs were used for a three-point bending
test and compression test of the femoral neck. Results: After 8 weeks of atorvastatin administration, a
significant decrease was found in serum level of bone ALP to 30% vs. CO (p=0.005). PINP, CTX-l and OC
did not change significantly. The expression of BMP-2 was increased. There were no significant differences
in BMD measurements, three-point bending test or compression test of the femoral neck. Conclusions: Our
results suggest that atorvastatin has a positive effect on bone metabolism in rats by maintenance of BMD
and the biomechanical characteristics of bone. Atorvastatin influenced bone metabolism by decreasing

bone ALP, and probably in consequence increasing expression of BMP-2 in rats.

1. Introduction

Despite significant improvements in the treatment of osteoporo-
sis (OP) and cardiovascular diseases, these diseases are the most
frequent cause of morbidity and mortality in our aging popula-
tion (Parhami et al. 2000). Patients diagnosed with osteoporosis
suffer from bone tissue losses of more than 50% in critical areas
of the skeleton, which are characterized by disruption of trabec-
ular bone microarchitecture (Garrett and Mundy 2002). Drugs
prescribed e.g. for high blood pressure or cholesterol to patients
with OP should by chosen so that they do not negatively affect
bone metabolism and exacerbate the loss of bone tissue.
Atorvastatin belongs to the group of statins that are considered
to be some of most effective hypocholesterolemics. Besides
the ability to reduce cholesterolemia, statins proved to have so
called pleiotropic effects such as the improvement of endothelial
dysfunction, reduction of inflammatory response, stabilization
of atherosclerotic plaque and reduction of thrombogenic
response (Liao 2002). In addition, many studies have been
published that show the effect of statins on bone metabolism
(Jadhav and Jain 2006).

Atorvastatin inhibits the enzyme 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase during cholesterol synthe-
sis. Inhibition of the enzyme results in reduced conversion of
HMG-CoA to mevalonate and subsequent isoprenoid precur-
sors. Inhibition of the enzyme reduces cholesterol mainly in liver
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cells (Stern et al. 2000). Reduced cholesterol availability leads to
increased liver low-density lipoprotein (LDL) receptor synthe-
sis and increased removal of LDL from the bloodstream. Hence,
there is a decrease in the total amount of cholesterols, LDL and
triglycerides, and an increase in high density lipoprotein (HDL)
level (Malhotra and Goa 2001).

The above-mentioned isoprenoid precursors, which include
especially farnesyl pyrophosphate and geranylgeranyl
pyrophosphate are very important for posttranslational
modification (prenylation) of GTP binding proteins (also
called small GTPases) — Rho, Rac and Rab. These proteins
are activated after the prenylation and participate in various
signal transduction events such as cytoskeleton modeling.
The prenylation adds a lipid chain that anchors the small
GTPases into the membrane of the osteoclasts. This step is
necessary for correct osteoclast ruffled border formation that
serves for attachment to a bone segment, prior to release of
vesicles containing proteolytic enzymes and acids into the
space sealed by the osteoclasts. These acids and proteolytic
enzymes dissolve underlying bone. Lack of intermediates of
cholesterol synthesis due to the effect of the statin leads to
apoptosis of osteoclasts and subsequent reduction of bone
resorption (Coxon and Rogers 2003).

Another factor affecting bone tissue is bone morphogenetic
protein-2 (BMP-2). Bone morphogenetic proteins, members of
the transforming growth factor (TFG)-$ superfamily, promote
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differentiation of mesenchymal cells into chondrocytes and
osteoblasts, as well as the differentiation of osteoprogenitor cells
into osteoblasts (Lieberman et al. 2002). Mundy et al. (1999) as
the first researchers presented the fact that expression of BMP-2
gene in bone cells is enhanced by statins.

Furthermore, it was found that atorvastatin enhances the in vitro
expression of other osteoblastic differentiation markers, notably
bone alkaline phosphatase (bone ALP), osteocalcin (OC), type-
I collagen, and osteoprotegerin (OPG) (Viereck et al. 2005;
Ruiz-Gaspa et al. 2007). By reducing protein prenylation,
atorvastatin also stimulates the expression, mediated through
the phosphatidylinositol-3-kinase (PI3K) pathway, of vascular
endothelial growth factor (VEGF), which promotes differentia-
tion of osteoblasts (Maeda et al. 2003).

Bone metabolism is routinely monitored by assessing the serum
level of markers of bone turnover. Specific markers of bone
formation are bone ALP, OC and procollagen type I N and C
propeptide (PINP, PICP). Bone ALP is located in the membranes
of osteoblasts, from which it is released into the serum on their
activation. It correlates with the intensity of bone formation,
and is involved in the formation and mineralization of osteoid
(Brown et al. 2009). Osteocalcin is a small non-collagen protein
produced by osteoblasts, dependent on vitamins D and K, and
conferring a greater affinity to calcium and hydroxyapatite.
OC fragments released into the bloodstream are considered
one of the most sensitive markers of bone formation (Lee
et al. 2000). PINP and PICP are propeptides of procollagen I
before its integration into bone as type-I collagen. Their serum
concentration reflects bone formation (Garnero et al. 2008).
Conversely, during degradation of type-I collagen, N- and

Fig. I: Dual-energy X-ray absorptiometry (DXA) scan of the whole body of the rat
with signed measured bone areas: R1 femur, R2 lumbar vertebrae and R3
caudal vertebrae
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Fig. 2: Scanned image of the left femur. BMD of the entire femur, the proximal
femur (R1), the femoral shaft (R3) and the distal femur were determined using
computer software (DXA; QDR-4500A Elite; Hologic, Waltham, MA, USA)

C-terminal crosslinking telopeptide of type I collagen (NTX-I,
CTX-I) are released into the circulation, enabling estimation of
the resorption of bone (Herrmann and Seidel 2008).

2. Investigations and results

We examined the effect of atorvastatin (at a dose of 0.3 mg/100 g
BW) on bone metabolism in male albino Wistar rats. Serum
markers of bone turnover — C-terminal crosslinking telopeptide
of type I; total osteocalcin; procollagen type I N propeptide;
and bone alkaline phosphatase — were measured with enzyme
immunoassay kits. BMP-2 expression in proximal tibia extract
was evaluated using Western blot analysis. Bone mineral density
(BMD) was analyzed using dual energy X-ray absorptiometry
(DXA). Scans were recorded for three skeletal areas (lumbar
and caudal vertebrae, and femur), and for the left femur (the
whole femur, the proximal femur, the femoral shaft and the distal
femur). The mechanical properties of the whole femur were
measured by three-point bending test, and the proximal femurs
were used for a compression test of the femoral neck using a
special electromechanical custom-made testing machine.

After 8 weeks the group of rats given atorvastatin showed statis-
tically significant decrease of serum level of bone ALP to 30%
(p=0.005), compared to the control group (Fig. 1a). There were
no differences between the atorvastatin and control groups in
the serum concentration of PINP, OC or CTX-I (p=0.19, 0.80
and 0.37) (Fig. 1b, c, d).

In the lumbar vertebrae, caudal vertebrae and femoral areas, no
difference was revealed in BMD values between the atorvastatin
group and control group. There was no significant difference in
BMD values between the groups for the left entire femur, prox-
imal femur, femoral shaft and distal femur. Results related to
BMD are given in the Table. There were no significant differ-
ences between the two groups in maximal load values for the
femoral shaft or femoral neck.

Results from Western blot analysis showed that the BMP-2 pro-
tein level was enhanced in the proximal tibia for the atorvastatin
group compared with the control group (Fig. 2).

3. Discussion

Osteoporosis and atherosclerosis are frequent diseases in the
elderly. Patients with cardiovascular disease should be pre-
scribed drugs to control high blood pressure and cholesterol,
but side effects of this treatment may affect bone metabolism.
In better cases the effect is positive, but for clinical practice it is
necessary to know whether this therapy does or does not cause
bone loss.

In our experiment we chose atorvastatin, one of the most fre-
quently prescribed statins. It is indicated mostly for elderly
people at high risk of cardiovascular disease to reduce hyper-
cholesterolemia, mainly LDL-CHOL. It has been found that
lipid oxidation products not only promote atherogenesis but also
inhibit differentiation of osteoblasts, thus negatively affecting
bone tissue (Parhami et al. 2000). In our experiment we followed
the effect of the drug on bone metabolism in healthy adult male
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Table: Effect of atorvastatin on bonemineral density (BMD) in three skeletal areas and left femur, andbiomechanical properties of

the femur three-point bending test andcompression test of femoral neck in male albino Wistar rats

Measurement (unit) Aqua pro inj. Atorvastatin p
Lumbar vertebrae (g/cm?) 0.223+0.014 0.217£0.012 0.33
Caudal vertebrae (g/cm?) 0.222+0.012 0.234+0.010 0.07
Femur areas (g/cm?) 0.189 £0.021 0.175+£0.013 0.13
Left femurs

Entire femur (g/cm?) 0.109 £ 0.042 0.118 £0.038 0.67
Proximal femur (g/cm?) 0.121 £0.039 0.139 £0.042 0.39
Femoral shaft (g/cm?) 0.102 £0.055 0.110£0.049 0.77
Distal femur (g/cm?) 0.092 +£0.050 0.080 £ 0.050 0.68
Maximal load of the femoral shaft (N) 173.50 (168.25-191.00) 173.00 (160.00-187) 0.44
Maximal load of femoral neck (N) 144.50 (118.75-61.25) 144.00 (122.25-177.00) 0.56
Right femurs

Maximal load of the femoral shaft (N) 192.00 (173.25-205) 175.50 (162.50-202.50) 0.27
Maximal load of femoral neck (N) 144.50 (96-153.75) 139.00 (131.00-142.00) 0.70

albino Wistar rats. The bone metabolism was not affected by
any other pathological process (obesity, dyslipidemia or arterial
hypertension). No significant BMD changes were observed in
our study in the measured areas after 8 weeks of atorvastatin
administration. The unchanged BMD may be attributed to male
sex hormones (Binkley 2006).

There are few studies concerned with change in the mechanical
properties of bone with atorvastatin administration. Uyar et al.
(2009) concluded that atorvastatin at a dose of 50 mg/kg BW in
rats after ovariectomy both prevented a decrease in BMD and
created a protective effect on mechanical properties of bone. Our
data showed that atorvastatin administration (0.3 mg/100 g BW)
had no significant influence on the biomechanical properties of
femur.

In our experiment, the serum level of bone ALP significantly
decreased to 30% of its initial value due to the effect of atorvas-
tatin, which indicates suppression of osteoblastic activity. The
serum concentration of PINP, CTX-I and OC showed only a
small decrease, not statistically significant. Some human stud-
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g.3: Effect of atorvastatin (AT; 0.3 mg/100 g BW) on bone formation in male
albino Wistar rats after an 8-week administration. The figure represents the
change of concentration of a) bone alkaline phosphatase (bone ALP); b)
procollagen yype I N propeptide (PINP); ¢) total osteocalcin (OC); and d)
C-terminal crosslinking telopeptide of type I collagen (CTX-I) compared to
the control group. Data are expressed as box plots. the box extends from 25th
percentile to the 75th percentile, with a horizontal line at the median (50th
percentile). Whiskers extend down to the smallest value and up to the largest.
The points outside the ends of the whiskers are outliers. *p<0.05
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ies have shown a decrease in serum level of bone ALP after
treatment with statins (Rosenson et al. 2005; Yavuz et al. 2009;
Rejnmark el al. 2002, Hatzigeorgiou and Jackson 2005). In a
randomized controlled trial of simvastatin at the high dose of
80 mg/day, treatment lowered serum bone ALP and osteocal-
cin (Rosenson et al. 2005). Yavuz et al. (2009) reported that
bone ALP levels were decreased during rosuvastatin treatment
without change in osteocalcin levels. In a cross-sectional study
of 140 postmenopausal women who had been treated for more
than 2 years with a statin (primarily simvastatin, atorvastatin),
plasma levels of bone turnover markers (bone ALP, OC and
CTX-I) were lower than in controls (Rejnmark el al. 2002). A
meta-analysis found improved hip bone mineral density and a
decrease in bone ALP levels with statin treatment (Hatzigeor-
giou and Jackson 2005). Our findings, together with previous
reports (Rosenson et al. 2005; Yavuz et al. 2009; Rejnmark el
al. 2002, Hatzigeorgiou and Jackson 2005), suggest a potent
effect of statins on reducing bone turnover. However, further
investigations are required in order to clarify the mechanism of
how the statins affect bone ALP.

The vast majority of published results suggest that statins have
beneficial effects on bone in vitro. Studies on cell cultures of
osteoblasts exposed to statins show stimulation of bone forma-
tion, mediated by increased expression of bone morphogenetic
protein-2. The effect of statins appears to be different in vitro
than in vivo, the antiresorptive effect being more predominant
in the former (Jadhav and Jain 2006). Some studies however
do not identify with this statement (Maritz et al. 2001). It is
hence desirable to explore further the influence of statins on
bone metabolism. We were able to demonstrate that atorvastatin
increases BMP-2 synthesis in proximal tibia. Increased expres-
sion of BMP-2 may be a subsequent reaction to the inhibition
of osteoblasts (decreased bone ALP) with atorvastatin.

Several studies have been presented in which it was sug-
gested that there was a link between hypercholesterolemia and
osteoporosis. Tintut et al. presented that hypercholesterolemia
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Fig. 4: Effect of atorvastatin on BMP-2 protein synthesis in proximal tibia
(CO—control, AT—atorvastatin)

BMP-2
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enhances differentiation of osteoclasts and resorptive activity
both in vivo (Tintut et al. 2004) and in vitro (Tintut et al. 2002).
Majima et al. (2008) found in their work that women and men
with hypercholesterolemia have a significantly higher serum
NTX-I level compared with control groups. In another study,
Majima et al. (2007) investigated the influence of atorvastatin
on bone turnover in male patients with hypercholesterolemia.
After 3-months treatment the NTX-I significantly decreased.
On the other hand, in vitro studies show that oxidation products
of lipids and lipoproteins inhibit the differentiation and function
of osteoblasts (Tintut et al. 2004; Parhami et al. 1999). Ator-
vastatin might have a beneficial effect on bone metabolism both
indirectly by the compensation of hypercholesterolemia as well
as by the direct effect of slowing down bone turnover.

Given the proven evidence of the effect of atorvastatin on bone
metabolism it would be appropriate to examine these findings
also in humans with hypercholesterolemia treated with atorvas-
tatin.

There are limits of reproducibility of the study: The experiment
was carried out on an animal model of intact rat. In the future it
will be appropriate to verify these results on rats with induced
hypercholesterolemia.

In summary, atorvastatin affects not only the level of serum
cholesterol but has other non-lipid effects as well, including
effects on bone tissue. Our findings in male albino Wistar
rats indicate that an 8-week administration of atorvastatin
(0.3 mg/100 g BW) results in a reduction of bone turnover by
suppression of osteoblastic activity. Increased expression of
BMP-2 was probably a reaction to the inhibition of osteoblasts
with atorvastatin. We presume that the effect of atorvastatin
on bone should be mainly positive — mediated not only by
the treatment of hypercholesterolemia, but also by any signifi-
cant changes in BMD and biomechanical characteristics. Further
studies are required to confirm our results.

4. Experimental
4.1. Animals

The study was carried out according to experimental protocol approved by
the Animal Welfare Committee of the Charles University in Prague, Faculty
of Medicine in Hradec Kralove, Czech Republic (File Nr. 2709/2009-30).
Adult male albino Wistar rats (Biotest Ltd., Konarovice, Czech Republic)
were used with body weight 240 £ 10 g at the beginning of the experiment.
The rats were located in the vivarium of the Medical Faculty of Charles
University, Hradec Kralove, Czech Republic, 4 in each plastic cage, and bred
in standard conditions (12 h light and 12 h dark, temperature 22 £+ 2 °C, air
humidity 30-70%). They were fed a standard lab diet (ST-1, VELAS Ltd.,
Lysa nad Labem, Czech Republic), with drinking water ad libitum. The rats
were weighed every day to adjust the drug dose to their body weight.

4.2. Drugs

We applied the hypolipidemic drug atorvastatin (Atorvastatin-ratiopharm;
Ratiopharm GmbH, Ulm, Germany) for this experiment. Aqua pro injec-
tione (sterile water for injection,, FRESENIUS®; Fresenius Kabi Italia Ltd,
Verona, Italy) was used as solvent and placebo. Midazolam (MIDAZOLAM
TORREX 5MG/ML; Torrex Chiesi Pharma GMBH, Vienna, Austria) and
ketamine (NARKAMON SPOFA 1%; SPOFA a.s. Prague, Czech Republic)
were used for analgosedation.

4.3. Experimental design

The rats were randomly divided into 2 groups of 8 animals each. The con-
trol group (CO) was given aqua pro injectione at a dose 0.2 mL/100 g body
weight of rat (BW). The experimental group received atorvastatin (AT;
0.3mg in 0.2mL aqua pro inj./100g BW). The drug and placebo were
each applied orally by gavage daily in the morning for 8 weeks.

4.4. Bone mineral density measurements

After 8 weeks the bone mineral density (BMD; g/cm?) was measured in rats
during analgosedation (5 mg midazolam/kg BW and 100 mg ketamine/kg
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BW; i.p.) in the Osteocentre of the University Hospital in Hradec Kralove,
Czech Republic. BMD was measured by means of dual-energy X-ray
absorptiometry (DXA) on a Hologic Delphi A device. Before measurements,
a tissue calibration scan was performed with the Hologic phantom for the
small animal. BMD was evaluated in lumbar and caudal vertebrae and in
femoral areas (Fig. 3) by an appropriate PC program (DXA; QDR-4500A
Elite; Hologic, Waltham, MA, USA).

After sacrifice of the animals, both femurs were collected immediately, care-
fully cleaned of adhering soft tissue and the left femurs were scanned by
DXA on the Hologic Delphi A. For scanning, the femurs were placed on
saline-moistened gauze and oriented such that the scanner beam passed from
anterior to posterior. The BMD of the femur was measured on the scan field
by use of computer software (DXA; QDR-4500A Elite; Hologic, Waltham,
MA, USA). The areal BMD was determined from four regions of interest:
the entire femur, proximal femur (R1), femoral shaft (R3) and distal femur
(R2) (Fig. 4).

4.5. Serum analysis

The animals were sacrificed by blood collection from the bifurcation of
the abdominal aorta in general ether anesthesia. Blood samples (about
10mL) were allowed to clot, and centrifuged at 3500 rpm for 10 min at
4°C. Serum was removed and stored at — 80 °C until analysis. Serum lev-
els of C-terminal crosslinking telopeptide of type I collagen (CTX-I) were
measured using a commercially available enzyme immunoassay (EIA) kit
(RatLaps™ EIA, Immunodiagnostic Systems Ltd., UK) according to the
manufactureris instructions. The detection limit of this assay was 2.0 ng/mL.
Total serum osteocalcin (OC) levels were measured with a commercially
available EIA kit (Rat-MID™ Osteocalcin EIA, Immunodiagnostic Sys-
tems Ltd., UK). The detection limit of this assay was 50.0 ng/mL. Serum
concentration of procollagen type I N propeptide (PINP) was determined
by EIA kit (Rat/Mouse PINP EIA, Immunodiagnostic Systems Ltd., UK).
The sensitivity of the method was 0.7 ng/mL. Bone ALP was measured
by an enzyme-linked immunosorbent assay (ELISA) kit (Rat bone alkaline
phosphatase, Wuhan Uscn Sciences Co., Ltd, China). The sensitivity of the
method was 1.6 U/L.

4.6. Biomechanical testing procedure

The femurs were wrapped in saline-moistened gauze and stored at —80 °C.
The mechanical properties of the femurs were performed and measured
using a special electromechanical custom-made testing machine (Martin
Kosek & Pavel Trnecka, Hradec Kralove, Czech Republic). A few hours
before biomechanical testing, the femurs were thawed at room temperature
and continuously moistened with isotonic saline solution. All specimens
were tested at room temperature.

The femurs were subjected to the three-point bending test. Before perform-
ing the test, the diameter of the midshaft of the femurs and the length from
the top of the femur head to the distal point of the medial condyle were mea-
sured with a sliding micrometer (OXFORD 0-25MM 30DEG POINTED
MICROMETER, Victoria Works, Leicester, England). Their midpoints were
marked with a waterproof marking pen. The femur was placed on a hold-
ing device with the two support points located at a distance 18 mm apart.
A small stabilizing preload to 10N was applied at the medial surface of
the diaphysis. A constant deformation rate of 6 mm/min (Turner and Burr
1993) until maximal load failure and bending stiffness were recorded. The
three-point bending test was carried out at midfemur in the anteroposterior
direction. Breaking strength (maximum load, N) was recorded.

The proximal femurs were used for a compression test of the femoral neck.
The distal end of the broken femur was potted using self-curing adhesive
methacrylate resin (Spofacryl-SpofaDental Ltd.; Jicin, Czech Republic) into
custom-made casting containers, and was so fixated. A vertical load was
applied by a cylinder to the top of the femoral head. A small stabilizing
preload to 10 N was applied and advanced at a constant speed of 6 mm/min
until fracture of the femoral neck. Breaking strength (maximum load, N)
was determined. All bones were analyzed by the same operator.

4.7. Protein extraction, SDS-PAGE, and Western blotting

After animal sacrifice, both tibiae were excised to remove skin, muscles
and tendons, and frozen at —80 °C until used. Bone segments of the prox-
imal region were obtained and minced in a solution consisting of RIPA
buffer (50 mM Tris-HCI, pH 8.0, with sodium chloride, 1.0% Nonidet P-40,
0.5% sodium deoxycholate, 0.1% SDS), and protease inhibitors (aprotinin
2 pg/mL, leupeptin 0.5 pg/mL, and benzamidine 50 pg/mL). The resulting
slurry was disrupted and homogenized with a MagNA Lyser instrument
(Roche Applied Science, Germany) during three cycles at 6500 rpm for 20 s
with intermediate cooling of 5 min in the MagNA Lyser Cooling Block.
The tissue homogenate was centrifuged at 10,000 G at 4 °C for 10 min. The
supernatant was withdrawn and stored at —80 °C. The samples were pre-
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pared as a pool. A pool was created by mixing 25 pg proteins of sample
from the 8 rats.

The samples containing 200 pg of protein were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on 12%
polyacrylamide gel. After electrophoresis (200 V; 70 min), proteins were
transferred (100 V; 120 min) to polyvinylidene difluoride (PVDF) mem-
brane (BioRad, Hercules, CA, USA). The membrane was blocked for 1h
with 5% non-fat dry milk in Tris-buffered saline containing 0.05% Tween 20
(TBST). The membrane was incubated with primary antibody anti-BMP-2
at 1:250 (Abcam, Cambridge, UK) overnight at 4 °C, followed by incuba-
tion with a secondary peroxidase-conjugated antibody at 1:1000 (Dako,
High Wycombe, UK) for 1 hr at room temperature. After washing, the
immunoreactive bands were visualized using a chemiluminescence (ECL)
detection kit (Roche, Boehringer Mannheim, Deutschland) by exposure
onto X-ray film (Foma, Hradec Kralove, Czech Republic). Equal load-
ing of proteins onto the gel was confirmed by immunodetection of beta-
actin.

4.8. Statistical analysis

The data obtained from the experimental group were compared to that from
the control group. The collected data were subjected to statistical analysis
using the NCSS 2007 software package (Number Cruncher Statistical Sys-
tem, Kaysville, Utah, USA). Differences in concentrations of bone markers
between groups were evaluated by Kolmogorov-Smirnov test. Comparisons
of BMD measurements in different groups were performed using unpaired
t-test. Data of biomechanical testing were analyzed by unpaired t-test, Mann-
Whitney test and Kolmogorov-Smirnov test. For BMD results are expressed
as mean =+ standard deviation (SD), and in PINP, CTX-I, total OC, bone
ALP, three-point bending test, and compression test of the femoral neck as
median and 25th and 75th percentiles. The value p<0.05 was considered as
statistically significant.
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