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Some interesting properties such as superelasticity, shape memory effect, kink resistance, good
biocompatibility, biomechanical properties, and corrosion resistance made nitinol a popular biomaterial as stent
and orthopedic implants. But surface modification is needed to control nickel leaching from its surface, making
safe for human body. The aim of this study was to modify the nitinol surface by the silanization technique and
electrophoretically deposited hydroxyapatite coating, and to conduct a detailed in vitro and in vivo
investigation. Detailed in vitro investigation involved MTT assay with the human osteoblastic cells (MG63 cell)
over a period of 5 days and confocal image study. In case of in vivo study, histological study, fluorochrome

labeling study, and Micro-Ct study were conducted. The overall in vitro and in vivo results indicate that
silanized nitinol samples are showing slightly better level of performance, but both the surface-modified
samples are suitable as the potential bio-implant for orthopedic purpose.

Nitinol is a nickel-titanjium metallic alloy with equiatomic
composition which has exceptional physical and mechanical
properties, shape memory effect, super-elastic properties, low
elastic modulus, high strength, good corrosion resistance, and
excellent biocompatibility [1, 2, 3]. These properties together
with the similar biomechanical properties of human bone tissue
make nitinol a promising biomaterial for orthopedic implant
applications [4, 5]. But there are certain limitations as well. The
corrosion property as well asdischarge of nickel ions of NiTi
shape memory alloys (SMA) has restricted its use in human
organisms [6]. Chemical and thermal treatments may cause to
abolish or diminish the surface Ni content of the alloy vis-a-vis
accelerate to form a biocompatible titanium oxide on the
surface of the alloy [7]. But this oxide layer is reported to
show poor bioactivity. Moreover, it does not promote ready
bonding with living tissues such as bone [8]. The surface

coating with calcium phosphate-based compounds such as
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hydroxide (inherently bioactive in nature) can ensure good
corrosion resistance activity in addition to cell growth on it [9,
10, 11]. Various methods are in vogue to deposit calcium
phosphate-based coatings such as plasma spray, electropho-
retic deposition, sol-gel, biomimetic method, ion beam de-
position, and electrochemical deposition [10, 12, 13, 14, 15, 16].
Numerous studies are there on in vitro cell culture on bare and
surface-treated nitinol, but almost no reports are available on
their detailed animal trial [17, 18, 19]. Another approach of
surface modification in the form of bio-functionalization on
nitinol is also being tried and is reported to give mixed results
so far [20, 21]. Bio-functionalization is an easy surface
modification process which involves permanent or temporary
alteration with a biologically compatible material to have
specific biological function. Various types of medical implants,
tissue engineering-based scaffolds, cell culture platforms, drug
delivery systems, and imaging probes are frequently bio-

functionalized. In general, proteins and peptides in coupling
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with biomaterials modify cell phenotype or tissue response. In
2016, Zhao et al. have done gelatin-functionalized graphene
oxide coating on nitinol and found better antimicrobial activity
and improved biocompatibility or nitinol [22]. Simsekyilmaz
et al. coated nitinol stents with star PEG, bio-functionalized
with Arginine-Glycine-Aspartic (RGD) or RGD/CXCLI1, and
implanted into the carotid arteries of mice with considerably
minimum neointima and thrombus formation [23]. In 2017,
Karaji and his team have developed multifunctional porous
super-elastic nitinol by additive manufacturing (selective laser
melting) with a sensibly designed micro-architecture and bio-
functionalized the surface using polydopamine-immobilized
rhBMP2 for better control of the release kinetics [24]. They
found enhanced cell attachment, cell proliferation, cell mor-
phology, cell coverage, increased ALP activity, and calcium
content on bio-functionalized surfaces as compared with as-
manufactured specimens. In 2018, we have reported that the in
vivo performance of silanized nitinol even without subsequent bio-
functionalization with biopolymers was comparatively better than
that of bare nitinol [25]. This betterment was observed in terms of
various parameters and was attributed to the presence of Si, known
to stimulate osseous ingrowth.

A critical overview of the available literature clearly suggests
that till date a number of publications on surface modification of
nitinol are there, but no comprehensive and systematic report on
both in vitro and in vivo comparative performance of function-
alized and coated nitinol is available. The present study presents
a detailed report on both in vitro cell culture and in vivo animal
trial of surface-modified nitinol, both silanized and HAp coated.

The X-Ray Diffraction (XRD) patterns of pure HAp and HAp
powder scratched from coated NiTi are shown in Figs. 1(A)
and 1(B). Most peaks in both the samples were identified as
HAp (JCPDS No. 09-0432). Minor amount of secondary phase
of a-tricalcium phosphate (JCPDS No. 09-0348) was also
found. Surface morphology of bare, silanized, and Hap-coated
NiTi is shown in Fig. 1(C); Energy-dispersive X-ray spectros-
copy (EDS) spectrum confirms the presence of Ni and Ti. Field
Emission Scanning Electron Microscope (FESEM) of bare
nitinol showed parallel striations which may be attributed to
the mechanical polishing, whereas the FESEM of silanized
nitinol did not show any major change in the basic texture;
however, the application of (3-Aminopropyl)triethoxysilane
(APTES) added some new features in the form of patches or
droplets on the surface of the sample. The EDS spectrum
of silanized NiTi did not show any peak of Si because of
small percentage of APTES. However, we have confirmed the
evidence of silanization using X-ray photoelectron spectros-
copy (XPS) in our previous studies [25]. The Hap-coated NiTi
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showed layer-by-layer deposition of globular shaped nonuniform
coating. The presence of Ca and P on the coating was confirmed
by EDS. Coating showed reasonably good adherence.

MTT assay [Fig. 2(a)] showed that at day 1, osteoblasts
exhibited higher degree of proliferation on coated HAp samples
than on silanized and bare NiTi. This increase in proliferation
may be due to higher surface roughness of Hap-coated sample
which was found to be 0.56 um compared with silanized
(0.142 um) and bare (0.09) sample. At day 5, compared with
bare NiTij, silanized NiTi showed better proliferation followed
by coated NiTi samples. This betterment is because of the
presence of Si. To promote osseous bone growth of Si, a well-
known element played a crucial role in cell-material interaction
[26]. The 2D and 3D confocal images after 5 days culture are
shown in Fig. 2(b). It was observed that in case of Hap-coated NiTi,
osteoblast cell growth seemed to be higher followed by silanized
and bare NiTi samples. In all the cases, nucleus was clearly observed
throughout the surface, which indicated normal growth of the cells
and as such no sign of strain was observed on the cells. Thus, it
reveals good cell viability on all the NiTi samples.

Radiography imaging helps to appreciate the time-dependent
degradation vis-a-vis the bone formation, and the images are
shown in Fig. 3(a). The skiagram of control after one month
showed that the defect was observed to be obliterated partially
with new osseous tissue. The cortical line was faintly visible and
discontinuous. After three months, the gap was completely filled
up with neo-osteogenic tissue with cortical continuation. At this
stage, the medullary cavity at the defect site was observed to be
more radiolucent and incomplete remodeling was observed. The
radiograph of bare NiTi showed the evidence of implant
occupying the defect without any perceptible change of radio-
density. Subsequently, on three months, the skiagram evidenced
compactly anchored implant at the defect site, and the cortical line
had been tightly adhered with the exterior age of the implant,
indicating the process of remodeling of the defect. In case of
silanized NiTi implant at one month, there was periosteal reaction
around the exterior extremities. At this time point, hyperdense
newly formed osseous tissue was observed partially obliterating
the defect along the line of implant. Subsequently, after
three months, the skiagram showed complete continuity of the
cortical line at the defect site and compactly adhered implant
within the medullary cavity. The radiodensity of the implant
appears to be unaltered, indicating the advance stage of remodel-
ing. The radiograph of coated NiTi sample at one month showed
compactly adhered implant at the defect with a well-defined thick
cortical line adjacent to the defect; the implant seemed to be
radiologically unaltered in term of size, shape, and density. Finally,
at three months, complete obliteration of defect was noticed with
continuous cortical line of similar radiological features to that of
adjacent host site. The implant was noticed within the medullary

cavity without alteration of density, size, and shape.
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Figure 1: (A) XRD of pure HAp (B) scratched HAp from the coated NiTi (C) FESEM and Energy dispersive X-Ray (EDX) of (a, a1) bare NiTi, (b, b1) silanized NiTi, and

(¢, c1) Hap-coated NiTi.
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Figure 2: (a) MTT assay analysis of control, bare NiTi, silanized NiTi, and Hap-coated NiTi and (b) 2D and 3D confocal micrographs of bare NiTi, silanized NiTi, and

coated NiTi samples.

The in vivo bone regeneration and the bone-material
interaction of all the bone samples were analyzed using
micro-computed tomography, and the 2D and 3D images are
shown in Figs. 3(b) and 3(c). The 1M post-implanted 2D
micro-CT images [Fig. 3(b)] of bare, silanized samples due to
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the presence of Si and Hap-coated NiTi showed characteristic
irregular new osseous tissue formation around the implant
materials, whereas the control samples showed no onset of
bony tissue formation. The postoperated 2D radiographs of
silanized NiTi at three months showed complete closure of the
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Figure 3: (a) Radiological images of control sample, bare NiTi, silanized NiTi, and coated NiTi sample on 0, 1, and 3 months, (b) radiographic 2D, and (c) 3D images
of defect bone sites showing extent of healing after 1 and 3 months (red arrow showing new bone growth around the implant; yellow arrow showing implant

material).

defect size and higher amount of bony tissue (shown by red
arrow) fully covering the implant material followed by Hap-
coated and bare NiTi. It may be credited to the release of Si
ions compared with other samples that played a noteworthy
role in enhancing the new bone formation. The one month 3D
images [Fig. 3(c)] of bare, silanized, and Hap-coated NiTi
showed that the implanted samples showed that bone has
started to grow on all the implants, indicating the osteocon-
ductive nature of the material. With the passage of time from 1
to 3 months, partial bone accumulation are seen inside and
around the defect area for bare and Hap-coated NiTi, whereas
silanized NiTi showed finer and matured bone formation
completely filling the defect hole, showing the complete
formation of periosteum. The resorption process was more
distinct for silanized NiTi with thick newly formed bony tissue,
and large struts of trabecular bone were formed on the implant.
The enhanced bone growth for silanized NiTi may be as
a result of the positive effect of silicon [26].

A comparative examination suggests that in silanized
sample there was a closely knit bony tissue structure around
the foreign material. It was so dense that the specimen could
hardly be noticed. In case the periosteum was completely
formed with uniform thickness, there was a clear sign of
growing natural bone tissue. The presence of Si played an
important role in enhancing the bone regeneration [27, 28].
The released Si ions got embedded inside the nearby bony
tissue served as a stimulant for bone marrow stromal cell
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differentiation and osteoblastic proliferation, which resulted in
the complete formation of periosteum [29]. Similar studies of
Kim et al. also showed that the released Si ions from Si-doped
HAp resulted in enhanced bone growth and faster healing of
defect site in the rabbit model [30]. Moreover, Si is important
in elevating the synthesis of collagen type 1 and osteoblast
differentiation, and it also helps in early bone repair at the
defect site [31]. Figures 4(a)-4(d), 4(i)-4(1), and 4(q) show
oxytetracycline labeling images of new bone formation. The
photomicrograph of the fluorochrome studies of control group
at one month depicted bright yellow fluorescence of newly
formed bony tissue (28%) at the center of sea green backdrop.
At the same time point, the bare nitinol group showed more
formation of newly formed bony tissue (38%) as bright golden
fluorescence as compared with the control one. The silanized
(51%) and coated nitinol (53%) showed abundance of golden
yellow fluorescence in more regions. At 3 months, the
photomicrograph of control sample showed moderate golden
yellow fluorescence of osseous tissue (33%) in a scattered zone.
The golden yellow fluorescence of newly formed bony tissue
(51%) was observed throughout the section of the bare nitinol.
The silanized nitinol group (71%) showed a wide area of golden
yellow fluorescence as compared with its earlier time point,
indicating the active state of bone regeneration. Finally, the
coated nitinol group (73%) showed more golden yellow
fluorescence in a wide region in the background of deep green
sea colored host tissue. Figures 4(e)-4(h) and 4(m)-4(p)
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Figure 4: Fluorochrome labeling (a—d) (i-I) and histological images (e-h) (m-p) of control sample, bare NiTi, silanized NiTi, and coated NiTi sample after 1 and
3 months (blue arrow: new bone; red arrow: old bone). (q) Bar diagram of statistical presentation of new cell formation.

showed the histological images at 1- and 3-month time points
of control and implanted samples. The section of the control
sample after 1 month depicted bony tissues along with peri-
chondrium arranged orderly along with the proliferation of few
osteoblast and osteoclast. The osteocytes were well arranged
with the presence of fat cells, few osteoblast, red blood cells
(RBC), and scanty fibrinous deposit at medullary spaces.
However, the section after 3 months showed a bony structure
containing osteoblast and osteocytes. The Haversian canal was
laid by fibrinous matrix and the presence of few osteocytes
around the lacunar spaces. The pericortical spaces contained
fibrocartilagenous structure invaded by few osteocytes. The
photomicrograph of the sample containing bare nitinol after
1 month showed bony tissue with osteoclastic activity around
the peri-medullar spaces. The medullary cavity had abundant
osteoblast, RBC, and fibrinous exudate. In case of 3 months, the
bony structure consists of abundant Haversian canal, sinusoidal
space, and few lacunae. The entire osteogenic stroma was
embedded with abundant osteoclast, osteoblast in definite
arranged manner. The silanized sample at 3 months showed
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solid osteogenic proliferation with the presence of abundant
osteoblast and osteoclast. The Haversian canal was well
arranged, and the lacunar spaces contained few osteocytes and
fat cells. The medullary cavity contained scanty RBC and fi-
brinous deposit. Finally, the Hap-coated nitinol sample at
1 month depicted a newly formed bony osteoid containing
multiple osteoblast and osteoclast. The pericortical spaces were
rich in osteocytic cell, fibrinous exudate, and abundant RBC.
The lining area of medullary spaces was enriched with multiple
osteocytes and Haversian canal. In comparison with 1 month,
the coated nitinol sample at 3 months showed well-regenerated
osteogenic stroma consisting of abundant osteoblast and oste-
oclast. The total osteoid was invaded by abundant vascular
channels. The medullary cavity contained osteocytes, RBC, and
mild fibrinous deposit.

Conclusion

This study provided a thorough insight in silanization of bare
NiTi surface using APTES and also involved electrophoretic
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deposition of pure HAp on bare NiTi surface, where HAp was
synthesized by wet chemical process. The coating process by
electrophoretic deposition was thoroughly optimized. Fluoro-
chrome labeling study and confocal images showed better
performance in case of coated NiTi sample; but based on the
cell proliferation, histological, radiological, and micro-CT
study, the silanized NiTi implant showed better performance
and confirmation of faster bone formation. From 3D micro-CT
images, finer and matured bone formation completely filling
the defect hole and showing the complete formation of
periosteum was shown. Silanization increased the early stage
in vivo implant-bone assimilation and bone remodeling. The
detailed and overall in vivo and in vitro characteristics of
silanized and coated Nitinol reveal that in most studies,
silanized samples performed better than the coated one.
However, the main importance of the study is that it opens

a new vista for better fixation of implant at the fracture site.

Materials

The material for these experiments was commercially available
nitinol shape memory wire. 1.5 mm diameter nitinol alloy wire
consists of 54.5 wt% Ni and 45.5 wt% Ti (Manufacturer: Nitinol
Devices & Components, NDC, California; Supplier: VRAS traders,
India). As per the specification of the supplier, the composition
conforms well to ASTM F-2063. The basic chemicals used were
Acetone (Merck, Mumbai, India), Ethanol (Merck), ortho-
phosphoric acid (Merck), and calcium hydroxide (Merck).
Human osteoblast cells (MG 63) were obtained from the
National Centre for Cell Science (NCCS), Pune, India, and the

cells were preserved following the standard protocol.

Methods

The NiTi wire of 1.5 mm diameter was cut into a number of
pieces with length 1 cm each followed by washing thoroughly
for 15 min with acetone (70% by volume), ethanol, and
deionized water, respectively. These washing processes were
done to get rid of residual surface impurities, and then finally
dried to use for coating and other various studies. Before
sterilization/washing processes, the samples which were used
for coating were polished with 220 SiC paper.

The methodology of the silanization process was described
in our previous study [25]. Calcium hydroxyapatite (HAp)
powder was prepared by following the standard wet chemical
method, using A.R. grade calcium hydroxide [Ca(OH),] and
ortho-phosphoric acid [H;PO,4]. During the reaction, the pH
was maintained at 11-12 at 80 °C. The solution accordingly
obtained was placed for 24 h, followed by filtration. The
precipitate was allowed to dry at 80 °C for 24 h and then
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subsequently calcined at 800 °C for 2 h, to obtain the optimum
crystallinity. This HAp powder was used in electrophoretic
deposition in a simple laboratory setup. To prevent the gas
formation due to the hydrolysis of water, 99% ethanol was used
as a solvent during electrophoresis resulting in the deposition
of uniform adherent hydroxyapatite coating [1, 2]. The
colloidal suspension was placed in a magnetic stirrer for
60 min and after that in an ultrasonic bath for 60 min.
Hydroxyapatite from the colloidal suspension was deposited
on NiTi samples using the electrophoretic deposition (EPD)
technique. The NiTi substrate was used as a cathode and as
a counter electrode also. The electrodes were placed parallel to
each other within a distance of 15 mm and connected to the
power supply enabling current measurements. The standardized
voltage for this work was 60 V and deposition time of 10-90 min
were applied. All EPD experiments were carried out at ambient
temperature. After deposition, the green coatings were dried at
80 °C for 2 h.

Using Rigaku diffractometer, Ultima-III, Rigaku Co.,
Tokyo, Japan, X-ray diffraction analysis was performed on
the deposited powder to check if there was any change in the
form of hydroxyapatite after electrophoresis. FESEM study was
carried out using the JEOL JSM-5200 model, Tokyo, Japan, and
EDX study was carried out with JEOL JSM-6360 Tokyo, Japan.
Finally, surface roughness was measured with Talysurf Plus

Sardonic, 3P, England.

In vitro study

An in vitro cell culture was carried out using MG63 osteoblastic
cell line. A quantitative colorimetric measurement of extracel-
lular reduction of the yellow-colored Tetrazolium dye 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT,
HiMedia, India) to insoluble purple formazan crystals was
performed to analyze cell viability percentage. MTT assay was
prepared in phosphate buffer solution (PBS) at a concentration
of 4.2 mg/mL, and 100 pL of this solution was mixed with 400
uL of cell culture media and poured in each well of the 48-well
plate with the cells. Furthermore, well plate was incubated in-
side 5% CO, incubator at 37 °C for 4 h. Afterward, media was
discarded and residual water-insoluble formazan crystals were
dissolved in 200 pL of dimethylsiloxane (DMSO) in each well.
After vigorously mixing the crystals in DMSO, a purple solu-
tion is formed which was transferred into a 96-well plate for
colorimetric reading in spectrophotometer plate reader (Mul-
tiskan GO, Thermo Fisher Scientific, India). Detailed MTT
assay analysis was performed with bare nitinol, silanized niti-
nol, and Hap-coated nitinol samples for a span of 5 days, where
data were taken on intermittently on 1st and 5th day.

Cell proliferation study of osteoblast cells were conducted

using confocal microscopic technique. The confocal laser
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pictographs were obtained after 5 days of culture period. To fix
the cells, all the samples were fixed with 4% paraformaldehyde
at room temperature for 20 min and washed with 1x PBS three
times. Next, samples were permeabilized with 0.1% Triton X-
100 for 10 min and again washed with PBS thrice. Blocking
agent 1% BSA was added to each samples to reduce back-
ground noise for 1 h followed by rhodamine-phalloidin
(Invitrogen™, Thermo fisher Scientific) staining with time
duration of 45 min, which were washed properly with PBS.
For nucleus staining, 4’,6-diamidino-2-phenylindole (DAPI)
was used for 5-10 min and again washed with PBS. All the
samples were stored in PBS at 4 °C until imaging. Images were
taken using a confocal laser scanning microscope (Leica, TCS,
SP8). The 3D multichannel image processing was performed
using Leica Application Suite X (LAS X).

In Vivo study

Animal experimentation was performed as per the standard
procedures of the Institutions’ Animal Ethical Committee of
the West Bengal University of Animal and Fishery Sciences,
Kolkata, India [Permit No. Pharma/188(ix) dated 31.07.2015].
Healthy New Zealand white rabbits of both gender, weighing
2-2.5 kg were randomly divided into four groups: control
group I (without any implant), group II (bare nitinol implants
were inserted within the created bone defects), group III
(silanized nitinol were inserted within the created bone
defects), and group IV (Hap-coated nitinol implants were
inserted within the bone defects) [Table I]. Figure 5 showed
the well-placed nitinol implant in rabbit distal epiphysis of
femur. The specimen was implanted transversely within the
created defects in the distal metaphysis of femur. Before
surgery, the rabbits were kept individually in separate cages
with alternating 12 h cycles of light and dark in temperature-
and humidity-controlled rooms, given water ad libitum, and
were without restriction of movement. Anesthesia was
achieved injecting a dose of 1 mg/kg body weight of Xylazine
hydrochloride (XYLAXIN®, Indian Immunologicals, India)
and Ketamine hydrochloride (Ketalar®, Parke-Davis, India)
at a dose of 25 mg/kg body weight intramuscularly. A bone
defect (5 x 1.5 mm) in each animal was created in the medial
aspect of distal epiphysis of femur bone with the help of
a motorized dental drill. The implant was inserted in press-
fit manner within the created bone defects and secured in
position by suturing muscle, subcutaneous tissue, and skin in

layers.

Local inflammatory reaction and healing of wound

All the animals were closely observed for lameness, weight-
bearing capacity, and swelling of the surgical area, and related

signs of local inflammatory reactions were observed from
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TABLE I: Animal group type.

Group | Control group

Group I Test animals with bare nitinol implant

Group Il Test animals with silanized nitinol implant

Group IV Test animals with electrophoretically Hap-coated nitinol implant

the day of operation postoperatively and changes were evalu-
ated by visual and manual examinations. All the treated
animals were administered using injection, cefotaxim sodium
(Mapra India, India) at a dose rate 65 mg per animal
intramuscularly, at 12 h interval daily for 5 days, and
India) at

0.1 mL once daily for 5 days were given. Dressing of surgical

meloxicam (Melonex®, Intas Pharmaceuticals,
wounds was carried out using povidone iodine lotion and
antibiotic ointment for 10 days postoperatively. Radiographs
were taken just after operation, on 30th and 90th day post-
operatively of the operated distal epiphysis femur bone for
studying the position of implant and host bone reaction to

implant.

Histology

The nitinol-implanted distal femoral epiphysis was collected at
the day of sacrifice for histological analysis to check the cellular
response bone to the implants. The implanted nitinol implants
along with the surrounding bones were collected from the
animals after sacrificing the animal. The bone pieces (3-4 mm
thick) were taken from implanted area and were cut (3-4 mm
thick) using a hacksaw. These bone specimens from adjacent
bone at the side and at the bottom of the original bone defect
were collected and washed thoroughly with normal saline and
were fixed in 10% formalin for 7 days. All specimens of bone
tissue were decalcified using Goodling and Stewart’s fluid
(formic acid 15 mlL, formalin 5 mL, and distilled water
80 mL solution), followed by fixation with 4% paraformalde-
hyde. Finally, the decalcified bone tissues were embedded into
paraffin wax for preparation of 4 pm thick sections and stained

with hematoxylin and eosin.

Micro-computed tomography

To study the nature of the implant, host bone-implant
interactions and the new bone formation, the postoperated
bone samples were analyzed using micro-CT (Phoenix
V|tome|xs, GE, Germany). All the bone samples were com-
pletely dried at room temperature. The bone samples were
scanned at a voltage of 85 kV and a current of 70 pA, with
a voxel size of 18 pm. Time fraction was 500 ms per image with
1000 images in one complete rotation. The constructed 2D
images were compiled to build 3D models using VG studio
MAX 2.2 software (Volume Graphics, Germany).
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Figure 5: (a) Bone defect, (b) coated nitinol in the bone defect, and (c) silanized nitinol in bone defect.

Radiology

Radiographs were taken just after operation, 1 and 3 months
postoperatively of the operated distal epiphysis femur bone for
studying the position of implant and host bone reaction to

implant.

Oxytetracycline labeling study

Fluorochrome (oxytetracycline dehydrate; Pfizer India, India)
was injected at 25 mg/kg body weight, 25 days before
euthanizing the animal at 1 month time point, that is, on
the days 5, 6, and 13, and 14, and for 3 months sample, on days
65, 66, and 73, and 74 (2-6-2 manner) for double toning of new
bone. The implanted bone segments were retrieved at the
aforementioned time points and undecalcified, polished 15-
20 um thickness bone specimens were prepared. During
preparation, the bone samples were kept dipping from time
to time in water during the entire procedure. The polished thin
bone sections were observed under UV light with Leica DM
2000 Bright light phase contrast and fluorescence microscope,
including Leica Qwain software. Oxytetracycline marker shows
golden yellow fluorescence (new bone formation) and sea green
hue (host bone). The golden yellow and sea green color pixels
areas have been measured from the figure and average values
were taken and statistically analyzed.

Statistical analysis

Statistical analysis of the fluorochrome labeling data was
carried out using one-way analysis of variance (ANOVA) with
a Tukey’s post hoc by ORIGIN software. Absolute mean values
and standard deviations (SDs) were calculated. Data were taken
from three samples (n = 3).
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