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Abstract: The biocompatibility of orthopaedic implants and their effects on fracture healing have key roles for success. In this study, it
was aimed to investigate the effects of a novel biocomposite consisting of hydroxyapatite (HA), hexagonal boron nitride (h-BN), chitosan
(Cs), and type 1 collagen (Ctl) on biocompatibility and fracture healing in rats. A total of 60 adult male Wistar rats weighing 300-500
g were used in the study. The rats were randomly divided into 2 groups named A (uncoated/control) and B (biocomposite coated).
Biocomposite (HA/h-BN/Cs/Ct1) coated and uncoated stainless-steel implants were used as intramedullary pins. Groups A and B were
divided into subgroups of A1 and B1 (15th day), A2 and B2 (30th day), A3 and B3 (45th day) according to the date of euthanasia. Clinical,
radiographic, haematological, biochemical, and histopathological findings were evaluated by pairwise comparisons. The findings were
consistent and similar. No statistically significant difference was found for a finding disturbing the biocompatibility. Histopathological
examinations showed that coating biomaterials did not resorb over the course of 15, 30, and 45 days. It is thus revealed that the content
is biocompatible. However, it has been concluded that it is necessary to increase the physical strength of the coating surface against
sterilization and surgical procedures. As a result, based on the interpretations of the clinical, radiographic, haematological, biochemical,

and histopathological findings, the biocompatibility of HA/h-BN/Cs/Ct1 biocomposite materials has been revealed.
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1. Introduction

The success of orthopaedic implants may be affected by
various factors, but their biocompatibility and effects
on fracture healing have key roles. A number of events,
such as blood-implant surface interaction, inflammatory
processes, and primitive bone formation, are possible on
or between surfaces of tissue and implant [1,2]. In the past,
many coating biomaterials were used in order to improve
the properties of orthopaedic implants and overcome
unwanted features or results [2,3]. Many of them continue
to be discussed and investigated in various regards.
Implant surface properties have been examined in terms
of chemical composition, biocompatibility, roughness,
and such aspects, and coating design studies have been
done in order to develop ideal implants [2,4,5]. However,
optimizing the biological properties of coatings is still a
challenge. In this field, the in vivo results of products
developed by in vitro studies are important for new studies.
In this context, our research hypothesis has been the effects
of hydroxyapatite (HA)/hexagonal boron nitride (h-BN)/
chitosan (Cs)/type 1 collagen (Ctl) biocomposite on
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biocompatibility and fracture healing which was designed
by Tozar in 2018 as a new implant coating biomaterial [6].
Each of these 4 different components was used alone or
in different combinations in a large number of in vitro or
in vivo studies [6-9]. In our study, we aimed to evaluate
the in vivo biocompatibility and fracture healing effects
of the newly designed biocomposite that contains these 4
components.

Hydroxyapatite (HA) has been used in a wide range of
orthopaedics and dental applications for decades due to its
high biocompatibility [10,11]. Due to its weak mechanical
properties, it is generally not suitable for use alone as a
biomaterial in applications that require resistance to load.
Thus, it is generally used as a coating material on metal
implant surfaces [12]. Due to its osteoconductive properties
and similarity to bone tissue, it has widespread use as a
coating material in order to increase the biocompatibility
and bioactivity properties of metal implants such as
stainless-steel, titanium (Ti), and alloys [7]. With advances
in materials science and nanotechnology, many studies
in which HA is combined with different strategies have
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been conducted. Thus, work is underway to produce new
materials with the desired characteristics [6,13].

Chitosan (Cs), as a biomaterial, has been studied
plentifully, especially in suture materials, dental-bone
implants, and artificial skin applications [14]. Adsorption
of biomaterials such as Cs is necessary to improve the
biological interfacial properties of prostheses, orthopaedic
devices, and tooth nests [15,16]. Among described
approaches for biomaterials, chitosan is a highly promising
option with its multifaceted and key roles [17,18].

In tissue engineering with type 1 collagen (Ct1), many
studies have been conducted on tissue scaffolds, bone
graft production, and wound healing improvement [19-
21]. It is often used on biomaterial surfaces to increase
cellular activities such as adhesion, proliferation, and
differentiation [22]. Despite the potential benefits in
stimulating new bone formation, there is insufficient
information about the effect of Ctl coating [23].

Scientific studies on the use of hexagonal boron
nitride (h-BN) in biomedical products are progressing. A
theoretical study on the encapsulation of anticancer drugs
and an in vitro study on the production of biocomposite
revealed no toxic effects [24]. It has been reported as
biocompatible with muscle and neuroblastoma cells
[25]. It is found in many areas of usage, from industry
to cosmetics, but it is especially promising in medical
applications with its versatile material properties and
preventive properties of corrosion, oxidation, and
chemical reactions [26]. In vivo studies of biomaterials
containing h-BN are very limited. In particular, there is
no study on the in vivo results of the biocomposite in our
study. In this context, the biocomposite which constitutes

the working hypothesis will be the basis for further studies
to present new information with the in vivo results of its
biocompatibility and its effects on fracture healing as an
orthopaedic implant coating biomaterial [6,27].

2. Materials and methods

2.1. Fabrication and electrophoretic deposition of the
biocomposite material

Two different suspensions were prepared to contain
biopolymers and ceramic particles forming the
biocomposite material. Acetic acid (0.9 mL) was diluted
in 20 mL of water to prepare the first (biopolymer)
suspension. Cs (0.13 g) and Ct1 (0.0135 g) were completely
dissolved in this solution and exposed to ultrasonic
stirring for 5 min. For the second (ceramic) suspension,
0.4955 g of HA and 0.375 g of nano h-BN powder were
mixed into 30 mL of ethanol and also stirred similarly.
These 2 different suspensions were combined by ultrasonic
stirring for 30 min and then allowed to magnetically mix
for 24 h. With the final suspension stabilized at the end
of this period, the surface coating processes of stainless-
steel (@ 1 mm) Kirschner (K) wires were performed at an
electrophoretic deposition (EPD) mixing speed of 250 rpm
with the electrophoretic deposition potential of 16.10 V
and temperature of 34 °C [6]. After the coating process, the
implants were subjected to gas sterilization with ethylene
oxide and prepared for surgery by being packaged sterile
(Figure 1).

2.2. Animals and surgical procedure

The study approval was obtained from the Local Ethics
Board of Animal Experiments of Hatay Mustafa Kemal
University (protocol number 2015/6-12). All of the

Figure 1. Biocomposite coated stainless-steel K wire (A) and zoomed view (B). The implants are
sterilized with ethylene oxide gas sterilization and packaged (C).
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applications for the experiment were conducted in
accordance with the Turkish Code of the Welfare and
Protection of Animals Used for Experimental and Other
Scientific Purposes.

Sixty adult male Wistar Albino rats with an average
weight of 300-500 g purchased from the Experimental
Research and Application Center of Hatay Mustafa Kemal
University were used in the present study. All rats were
maintained in groups of 2 to 5 animals per cage on a 12
h light, 12 h dark circadian rhythm with water and food
provided ad libitum. One week prior to the study, the
animals were taken to the study place to undergo routine
health checks and time for adaptation was provided.

Experimental animals were randomly allocated to
2 groups (n = 30 per group), whereby Group A received
uncoated implants and Group B received biocomposite
coated implants. Each group was divided into 3 subgroups
(n = 10 per subgroup) according to the date of euthanasia.
Subgroups to be euthanized on the 15th day postoperatively
were Al and B1, on the 30th day were A2 and B2, and on
the 45th day were A3 and B3.

Rats were anaesthetized by an intramuscular injection
(from the hindlimb, not operated) of xylazine (5 mg/kg)
and ketamine (50 mg/kg) combination. [28]. The animals
were prepared for surgery and positioned in lateral
recumbency. The skin incision was made parallel to the
femur. After the subcutaneous connective tissues, the
intermuscular septum (that separating m. biceps femoris
and m. gluteus superficialis) was incised and the femur was
reached as described [28]. In order to create the fracture
model, in this study, the femur was measured and the
level of the fracture was stated. A diaphyseal transversal

fracture was created by rigorous cutting movements with
a bone cutter. With the help of 2 small Halstead—Mosquito
haemostatic forceps, distal and proximal fragments of
fractures were held up and the reduction was achieved by
retrograde intramedullary pinning of uncoated (for Group
A) or biocomposite coated (for Group B) stainless-steel K
wires (@ 1 mm) for osteosynthesis (Figure 2). The surgical
site was closed routinely with 2-0 poly (glycolide-co-
lactide) sutures.

2.3. Postoperative procedure and clinical examination
Wound  care,  antibiotics  (ampicillin-sulbactam
combination, 250 mg/kg IM), and clinical examinations
were performed daily for 7 days postoperatively. General
findings such as habitus and food and water intake were
followed. Local findings on the incision site, gait, and
lameness were noted. Animals were weighed on the day of
surgery and on the 7th day postoperatively.

2.4. Haematological and biochemical examination

Blood samples were collected by intracardiac aspiration
during euthanasia. White blood cells (WBC),
lymphocytes, monocytes, granulocytes, red blood
cells (RBC), haemoglobin (HGB), haematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH), mean cell haemoglobin
concentration (MCHC), red blood cell distribution width
(RDW), platelets (PLT), mean platelet volume (MPV),
platelet distribution width (PDW), and plateletcrit (PCT)
values were examined by complete blood count (Mindray
BC-2800Vet, Guangdong, China) and compared between
subgroups. Additionally, with the measurements of alkaline
phosphatase (ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), creatine kinase (CK),

Figure 2. Application of biocomposite coated implant with retrograde intramedullary technique.
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lactic acid dehydrogenase (LDH), total proteins (TP),
creatine (Cr), total calcium (total Ca), and phosphorus (P)
values, serum biochemistry profiles were examined (Gesan
Chem 200, Campobello di Mazara, Italy) and compared
between subgroups.

2.5. Radiographic evaluation

Radiographs were taken at 50 kV and 1 mAs (Intermedical,
Basic 100-30, Italy) in mediolateral and anteroposterior
positions. In the radiographic examination, callus
formation and fracture line were evaluated. For this
purpose, a radiographic union scale was adapted from
a previous study [29]. On this radiographic union scale,
the presence of callus formation and fracture line in the
anterior, posterior, medial, and lateral cortices was scored.
Each cortex was scored with 1 point if it still had a fracture
line with no callus, 2 points if the callus and fracture line
were both present, and 3 points if there was a callus with
no fracture line. Thus, the totals of the 4 cortices were
evaluated in the range of 4-12 points for each animal and
compared between subgroups.

2.6. Histopathological study
The femur bones were separated from the soft tissues and
calcified with nitric acid at a concentration of 3%. The
fragments from the calcified bones were fixed in a 10%
buffered formaldehyde solution. Tissues were subjected
to paraffinization after being routinely washed in water
and being passed through a series of graded alcohols and
xylols. Paraffin blocks were obtained by embedding the
tissue in paraffin. The sections were taken by a microtome
(Leica RM2235, Heidelberg, Germany) in 5 um thickness
from these paraffin blocks and after drying in the oven, all
of them were stained with haematoxylin and eosin (H&E)
to be examined by binocular microscope (Olympus
BX50-F4, Tokyo, Japan) [30]. The histopathological
changes observed were scored as in previous studies by
Allen et al., Estai et al., and Naddaf et al. [31-33]. Lesions
such as bone (fracture) healing, inflammatory reactions,
connective tissue proliferation, cartilage formation, and
soft and hard callus formations were evaluated and scored
according to their severity.

The absence of inflammatory cells was evaluated as
0, a small number of inflammatory cell infiltration as
1, a moderate number of inflammatory cell infiltration
as 2, and infiltration of intense inflammatory cells as
3. Additionally, the scoring of the connective tissue
and cartilage formation was evaluated according to the
overall size of the callus. The scoring of soft and hard
callus formations was 1 when cartilage and fibrous tissue
increase was 10% or less, 2 if the increase was between
10% and 25%, and 3 if the increase was 25% or more. Bone
healing was determined according to the scoring system of
Allen’s fracture healing [31]. Accordingly, the scores were
considered as 0 in the presence of fibrous tissue alone, 1

for incomplete cartilage formation with fibrous tissue,
2 for cartilage formation, 3 for a slight trabecular bone
formation with a majority of cartilage formation, 4 for an
equal amount of cartilage and trabecular bone formations,
5 for a slight cartilage formation with a majority of
trabecular bone formation, and 6 for complete compact
bone ossification. Inflammatory changes were evaluated
according to their severity; in the absence of lesions or
cells it was scored as 0, mild lesions or small numbers of
cells were scored as 1, moderate lesions or intermediate
numbers of cells were scored as 2, and severe lesions or
numerous cells were scored as 3. Statistical analyses and
subgroup comparisons were made with these scores.

2.7. Statistical analysis

Statistical analysis of the study was done with the R 3.4.2.
package program. Descriptive statistics for the variants are
given with median and minimum-maximum values. The
conformity of continuous variants to normal distribution
was analysed by the Shapiro-Wilk test. The Mann-Whitney
U test was used for independent 2 group comparisons and
Kruskal-Wallis test was used for independent 3 group
comparisons. The Bonferroni corrected Mann-Whitney
U test was used for binary subgroup comparisons of
significant variants. In all the statistical comparisons,
comparisons with P-values below 0.05 were considered
statistically significant.

3. Results

3.1. Clinical evaluation

The first week and the following weeks after the surgery,
the general health of animals was good. The systemic
clinical findings of the animals such as general condition,
habitus, appetite, and feed and water consumption were
normal. In the examinations that continued until the time
of euthanasia, no systemic or local rejection complication,
or any complication that negatively affected the general
condition of the animals, was observed. In clinical
examinations, a limited number of local complications
such as wound dehiscence, pin migration, and
subcutaneous granulation tissue formation were recorded
similar for subgroups. There was no statistically significant
difference between the subgroups in terms of systemic or
local findings.

3.2. Radiographic evaluation

Statistical analyses of radiographic scores were performed
using the Mann-Whitney U test. Median, minimum-
maximum, and P-values of radiographic scores of
all subgroups are presented (Table 1). There was no
statistically significant difference between the subgroups.
No significant adverse effects were observed in Group
B that adversely affected biocompatibility or fracture
healing. Radiographic images from subgroups are shown
in Figure 3.
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Table 1. Median, minimum-maximum, and P-values of radiographic scores

of all subgroups.
Subgroups Al Bl A2 B2 A3 B3
Score 9 8.5 8 8.5 9 10.5
(min-max) (8-10) |[(8-10) |[(4-11) |(8-10) |(8-12) |(8-12)
P 0.853 0.247 0.280
Group A Group B

Figure 3. Anteroposterior (AP) and mediolateral (ML) radiographic samples from subgroups. (a) and (b) views are from Al, (c) and
(d) views are from B1 subgroups (15 days). It shows that fixation persists with external callus onset in both A1 and B1. (e) and (f) views
are from A2, (g) and (h) views are from B2 subgroups (30 days). It shows that fixation persists with callus formation in both A2 and
B2. (i) and (j) views are from A3, (k) and (1) views are from B3 subgroups (45 days). It shows that fixation persists, callus formation has
progressed, and the transition to the remodelling stage has begun in both A3 and B3. Radiographic results were similar for subgroups
of the same days and no significant difference was observed for the evidence of impaired biocompatibility.

3.3. Haematological and biochemical results
Complete blood count results were evaluated by pairwise
comparison of subgroups. Lymphocyte values were
significantly higher in the Al subgroup (P = 0.043) in
comparison to subgroups Al-Bl. In comparison of
subgroups A2-B2, the MCV and MCH values were
significantly higher in the B2 subgroup (P = 0.003 and P
< 0.001, respectively). In comparison of subgroups A3-
B3, the RDW values were significantly higher in the B3
subgroup (P = 0.002).

The results of serum biochemistry profiles were also
evaluated by pairwise comparison of subgroups. In group

80

Al, Cr was found to be significantly higher than in the Bl
subgroup (P = 0.003). In subgroup A2, the ALP value was
found to be significantly lower (P < 0.001) compared to
subgroup B2, and additionally CK, LDH, Cr, and BUN
values were significantly higher than in subgroup B2 (P =
0.007, P =0.002, P = 0.019, and P < 0.001). When the A3-
B3 subgroups were compared, none had any statistically
significant difference.

3.4. Histopathological results

The removed femoral bones of 60 rats were examined
microscopically. The obtained histopathological findings
were scored according to their degree in terms of bone
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healing, inflammatory reaction, connective tissue
proliferation, cartilage formation, and soft and hard callus
formations (Table 2; Figures 4-6). The data were analysed
statistically by Mann-Whitney U and Kruskal-Wallis
tests.

When the histopathological examinations were
evaluated, mononuclear cell infiltration, fibroblastic
proliferation, and the new granulation tissue formation
mixed with collagen accumulation were similar around
the fracture site in all subgroups (A1, B1, A2, B2, A3, and
B3). In all subgroups, a small number of erythrocytes
scattered across the connective tissue were seen at the
ends of the fracture and just below the periosteum. In all
subgroups of group B (B1, B2, and B3), dark brownish-
black pigment accumulations were observed in the newly
formed granulation tissue, especially in the medullary
canal, between the bone tips, around the vessels, in
macrophages, and in the osteoid tissue (Figure 7).

The abundance of hyaline cartilage formations,
showing the early stage of endochondral ossification with
a small amount of osteoid accumulation, was similar in
both A and B groups. In Groups A and B, hypertrophic
chondrocytes and hyaline cartilage formation between the
ends of the bone were marked and intense. When the soft
callus was evaluated, no statistically significant difference
was found between the subgroups.

Osteoid mineralization and trabecular and lamellar
bone tissue formations replacing soft callus in the late
phase of bone healing did not show statistically significant
difference between Groups A and B. The presence of diffuse
hypertrophic chondrocytes in the osteoid mineralization
tissue in new bone formations (hard callus) was not also
statistically significant. Lamellar bone formation with
hypertrophic chondrocytes in new bone tissue formation
was prominent in both Group A and Group B.

By pairwise comparison of histopathological results
and scores of subgroups, no significant differences were

found in bone healing, inflammatory reaction, connective
tissue proliferation, cartilage, or soft callus and hard callus
formations.

4. Discussion

Bone healing is a process that may be affected by various
factors. Properties of the used biomaterials are crucial in
this process and their biocompatibility is essential. In this
context, in order to detect any possible negative effect on
the fracture healing caused by inadequate biocompatibility
of coating biomaterial, it was essential to see the results
in vivo. In our study, the results clearly showed that the
new biocomposite coating biomaterial is biocompatible
and had no adverse effects on the fracture healing
compared to the uncoated implant group. Thus, the results
were consistent with previous studies and the proposed
hypothesis [2,8,9,16,34-36].

HA/h-BN/Cs/Ct1 biocomposite coating designed by
Tozar et al. was applied to the stainless-steel K wires by
electrophoretic deposition [6,13]. Since it was the first in
vivo study, stainless-steel K wire was preferred. Therefore,
the intramedullary pin method was preferred for fixation
of the experimental fracture. K wire and intramedullary
pin methods have been used in many studies on fracture
healing due to their application advantages [32,37].

Ethylene oxide was found to be suitable for sterilization
of biocomposite coated K wires. It was determined that
the heat sterilization methods were not suitable because
of leading to peeling or the carbonization of the coating
material. Therefore, studies are needed to increase
physical resistance to the sterilization processes. The
surfaces of biocomposite coated implants were found
to be possibly damaged by the effect of implant-bone
frictions during fracture fixation manipulations. Although
it was biocompatible, it was determined that the physical
strength of the coating biomaterial should be improved.
With the improvement of the mechanical properties of

Table 2. Median, minimum-maximum scores, and P-values of histopathological results.

Bone healing Inﬂammatory Con.nectifle tissue Cartilage Soft cal.lus Hard c'allus
reaction proliferation formation formation formation

Al 0.50 (0-1) 1(1-2) 3(1-3) 1.5 (1-3) 2.5 (1-3) 1(0-2)
Bl 1(0-3) 1(1-3) 3(2-3) 1(0-3) 3(1-3) 1(0-2)

P 0.481 0.393 0.971 0.631 0.631 0.796

A2 2 (0-4) 2 (1-3) 3(1-3) 2.5 (1-3) 2 (1-3) 1.5 (1-3)
B2 2 (0-4) 2 (1-3) 3(1-3) 2 (1-3) 2.5(2-3) 1.5 (1-2)
P 0.684 0.579 0.912 0.853 0.579 0.853

A3 5(3-5) 1(0-2) 1(1-3) 2.5 (1-3) 1(1-3) 3(2-3)
B3 5(3-5) 1(0-2) 2 (1-3) 2.5 (1-3) 2 (1-3) 2.5 (1-3)
P 1.000 0.315 0.579 0.853 0.143 0.739
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Figure 4. Score comparison of histopathological results of Al and B1 subgroups.
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Figure 5. Score comparison of histopathological results of A2 and B2 subgroups.

the biocomposite coating, it is thought that further studies
can be planned by coating other sorts of implants such as
plates, screws, or prostheses. Also in further studies, more
detailed monitoring of the fracture healing with micro-CT
imaging devices is recommended [38].

When systemic complications such as foreign-body
reaction, chronic inflammatory response, infection,
septicaemia, toxicity, and allergic or hypersensitivity
reactions are caused by implant coating biomaterial, it is
likely to see one or more general clinical findings such as
hyperthermia/hypothermia, respiratory or pulse increase,
loss of appetite, cachexia, or dehydration [39,40]. In our
study, no statistically significant difference was observed
between Groups A and B in terms of these systemic clinical
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findings. Local findings were also similar. Therefore, the
similarity of general and local clinical findings indicates
that the coating biomaterial is biocompatible.

In haematological evaluation, since there were no
significant differences in other values, in spite of differences
in MCV, MCH, and RDW, no reaction disrupting
biocompatibility was observed. Biocomposite coated
implants also do not have any negative effect on blood
values. Based on this information, it is considered that the
biocomposite coating is biocompatible [39,41]. From the
blood serum biochemistry evaluation, it can be concluded
that the Cr value was significantly higher in subgroup Al
compared to subgroup B1, and that postoperative muscle
tissue healing was better in subgroup B1 since the Cr level
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Figure 6. Score comparison of histopathological results of A3 and B3 subgroups.

Figure 7. Soft callus in a section belonging to subgroup A1 (a): fibroblasts (thin arrows), hyaline cartilage, and chondrocytes (arrowhead).
Bone end in a section of subgroup A2 (b): hyaline cartilage and hypertrophic chondrocytes (HK). In a section of A3 subgroup (c):
hypertrophic chondrocytes (HK) and lamellar bone formations (L). In a section of Bl subgroup (d): medullary channel, pigment
accumulations between the bone ends and in the granulation tissue (blue arrows). In a section of B2 subgroup (e): collagen deposition
between the bone ends, erythrocyte deposits (thick arrow), black-coloured pigment deposits (thin arrows) around the veins in the newly
formed granulation tissue and the connective tissue. Hard callus formation in a section from B3 subgroup (f): osteoid mineralization
(star), hyaline cartilage (HK), and lamellar bone (L), newly formed bone formations (arrow).

is also an indicator for muscle tissue catabolic events [42].
The ALP and ALT values in subgroup B2 were higher than
in subgroup A2, indicating that the mineralization and
calcification might be increased in the period involving
the callus formation since it is stated that ALP and ALT

enzymes are high in cases where mineralization and
calcification events increase [43,44]. In subgroup B2, CK,
LDH, Cr, and BUN values were significantly lower than
in subgroup A2, which may indicate that muscle tissue
healing is better in subgroup of B2, or that cellular damage
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is less in subgroup B2 [42,43]. No significant differences
were found in biochemical findings of subgroups A3 and
B3. Thus, the biocomposite coating did not cause any effect
that disrupted the biochemistry profile on day 45. Based
on these findings, it was concluded that the biochemistry
profile was consistent with the biocompatibility in all the
periods of 15, 30, and 45 days. In addition, the differences
in the B2-A2 comparison indicate the favourable effects
especially at the time of callus formation.

The absence of a statistically significant difference
in the radiographic findings of the A and B groups also
showed that the biocomposite coating had no negative
effect on the fracture healing and did not cause any
biocompatibility disruptive effect. However, there is no
evidence that it improves fracture healing.

Histopathological scores were compared pairwise with
the subgroups showing the same fracture healing period;
results were similar in terms of fracture healing, cartilage
formation, inflammatory reactions, connective tissue
proliferation, and soft and hard callus formations, and were
consistent with other findings. Thus, the biocompatibility
of biocomposite coated implants during fracture healing
was determined and supported by the histopathological
examination. However, based on these results, it cannot be
said that it significantly increases or accelerates the fracture
healing. It was determined histopathologically that the
desired results were obtained in terms of biocompatibility
inall 3 periods, but there was no additional superiority such
as improving the fracture healing. The presence of dark
brownish-black pigmentation points in histopathological
examination, especially in the medullary canal and in
some of the stated areas in subgroups B1, B2, and B3, is an
indication that the coating biomaterial is not resorbed on
the 15th, 30th, and 45th days.

In the comparison of the subgroups that belonged
to Groups A and B (A1-A2-A3 and B1-B2-B3), the
clinical, radiographic, haematological, biochemical, and
histopathological findings are found to be consistent
with the fracture healing time course. This consistent
course is indicative of the biocompatibility of the
biocomposite coated group during the fracture healing.
In addition, to elaborate on the evaluation in further
studies, supplementary methods are recommended such
as immunohistochemistry or biomarkers [33].

There are numerous studies in which HA, h-BN, Cs,
and Ctl are used in biocomposites as double or triple
components [8,14,22,26,36,45-52]. However, the in vivo
results of a biocomposite with these 4 components were
investigated in our study for the first time. It is thought
by many researchers that HA/Cs composites are suitable
for bone regeneration and repair in orthopaedic surgery
thanks to their superior properties [51,53]. For example,
in one study, a hybrid gel was produced by distributing
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nano-HA particles into Cs hydrogels in order to increase
the mechanical and bone compatibility characteristics and
it was reported to have potential for use as an injectable
bone scaffold [54]. Many articles on the production
of similar HA/Cs hybrids or composite materials for
orthopaedic use can be found in the literature [55-57]. In
one study, HA/Ct1/poly (1-lactic acid) biocomposites were
coated by the method of spin coating on the magnesium
alloy of AZ31 and the bonds of HA/Ctl macromolecules
were suggested to resemble the natural bone [45]. In
another study, the Ctl/HA biocomposites were coated
on orthopaedic Ti implants by the plasma spray method
and it was suggested that the Ctl infiltrated porous HA
coatings were very superior materials that allowed cell
attachment, proliferation, and transformation, and that
may be useful [34]. In one study, a team claimed that
they obtained HA/Ct1 nanocomposites for the first time
by electrodeposition in a thick nanoporous structure that
had high biocompatibility with in vitro osteoblast culture
experiments [46]. In a study in which electrochemical
mineralization of HA was examined on Ti substrates
together with Ctl and Cs, it was stated that tighter
mineralization was formed than with pure HA coatings;
thus, biocompatibility and cell proliferation were more
effective [58]. Our study also clearly demonstrates that the
in vivo results are consistent with previous studies, and
the biocompatibility of biocomposite coating containing
HA/h-BN/Cs/Ctl.

In order to improve the mechanical properties of
biomaterials and increase their biocompatibility, h-BN has
been used in many studies as a biocomposite component
[8,9,36,48-50,59,60]. For example, in one study, it was
demonstrated that some particular mechanical properties
of HA were improved with the addition of boron nitride
nanotubes, and it was reported that there was no negative
effect on the viability and proliferation of osteoblast cells
[9]. In another study, boron nitride nanotubes composed
of h-BNs were reported to be good candidates for the
development of the properties of polymers, biocomposites,
and tissue scaffolds due to their low toxicity, high
mechanical strength, and chemical stability properties
[49]. It was reported that boron nitride is biocompatible
in a study where it was used in combination with gelatine
and the denaturing form of collagen [60]. Also, HA/h-
BN was applied by Atila et al. to experimental femoral
defects and there was no increase in serum boron levels.
Therefore, it was stated as promising [50]. Goncii et al.
reported that they successfully applied h-BN/HA coating
to Ti implants. They stated that they expected this coating
to support cell proliferation and have high bioactivity
[48]. However, in another study, Cs/h-BN and Cs/h-BN/
TiO2 biocomposite coatings were applied to stainless-steel
(316L) implants by EPD and it was stated that they may
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be used to give antibacterial properties but not bioactivity
[8]. According to the results of our study, although
the biocomposite coating material including the h-BN
component is biocompatible, it cannot be said that any
increase is demonstrated in bioactivity. When the studies
are evaluated, it is seen that the in vivo research results of
the biocomposites containing the h-BN component are
limited compared to HA, Cs, and Ctl components. In
this respect, it is of particular importance that the h-BN
component is present in the biocomposite coating used in
our study.

In light of the data revealed above by a large number of
researchers and the results of our study, the biocomposite
coating with HA/h-BN/Cs/Ct1 content was found to be
biocompatible and nontoxic, consistent with previous
studies. In addition, it is seen that most studies are limited
to the investigation of the in vitro effects. In this respect, it
is considered that the in vivo results will provide scientific
contributions and a basis for further studies.

5. Conclusions

This study has shown that the biocomposite coating material
with the content of HA/h-BN/Cs/Ct1 was biocompatible in
an in vivo experimental rat model and did not cause any
negative effects to disrupt the fracture healing. However,
there was no significant increase in the fracture healing or
acceleration. Especially in the period of callus formation,
which is important in the fracture healing, biochemical
results are noteworthy considering their positive effects.
It was determined histopathologically that the coating
biomaterial was not resorbed at the 15th, 30th, and 45th

References

1. Lemons JE. Biomaterials, biomechanics, tissue healing,
and immediate-function dental implants. Journal of Oral
Implantology 2004; 30 (5): 318-324. doi: 10.1563/0712.1

2. Junker R, Dimakis A, Thoneick M, Jansen JA. Effects of
implant surface coatings and composition on bone integration:
a systematic review. Clinical Oral Implants Research 2009; 20
(Suppl. 4): 185-206. doi: 10.1111/j.1600-0501.2009.01777 .x

3. Darouiche RO, Green G, Mansouri MD. Antimicrobial activity
of antiseptic-coated orthopaedic devices. International Journal
of Antimicrobial Agents. 1998; 10 (1): 83-86. doi: 10.1016/
$0924-8579(98)00017-X

4, Rupp E Scheideler L, Olshanska N, De Wild M, Wieland M et
al. Enhancing surface free energy and hydrophilicity through
chemical modification of microstructured titanium implant
surfaces. Journal of Biomedical Materials Research Part A
20065 76 (2): 323-334. doi: 10.1002/jbm.a.30518

days. In addition, some physical disadvantages resulting
from the coating method were determined. Further studies
are needed to develop the biocomposite coating and obtain
more detailed results. In new studies, it may be aimed to
increase the fracture healing by changing the concentration
and/or amounts of the biomaterial components used in the
coating, orby changingthe coatingmethod. Studiesintended
to increase osteointegration for different implants such as
screws or prostheses can be designed. With this purpose,
further studies are recommended with biomechanical tests
and micro-CT which allow for more detailed monitoring
of the fracture healing. Immunohistochemistry, biomarker,
or toxicological examinations are also recommended.

Acknowledgement/Disclaimers/Conflict of interest
This study was financially supported by the Scientific
Research Projects Coordination Unit of Hatay Mustafa
Kemal University (Project No. 16330). The authors would
like to thank Dr. Ali Tozar and Prof. Ismail Hakki Karahan
(Department of Physics of the Faculty of Arts and Science
at Hatay Mustafa Kemal University), who produced the
biocomposite coating material used in the research and
performed the coating of implants. We would also like
to thank Halil Alakus, Omer Kirgiz, and Ibrahim Alakus
(Department of Surgery, Faculty of Veterinary Medicine,
Hatay Mustafa Kemal University) for their support in the
experimental part of the study, and Dr. Mustafa Cagatay
Biiytikuysal (Department of Biostatistics of the Medical
School of Biilent Ecevit University), who did the statistical
analyses and prepared the charts. All authors declare that
they have no conflict of interest.

5.  Le Guehennec L, Goyenvalle E, Lopez-Heredia MA, Weiss
P, Amouriq Y et al. Histomorphometric analysis of the
osseointegration of four differentimplant surfacesin the femoral
epiphyses of rabbits. Clinical Oral Implants Research. 2008; 19
(11): 1103-1110. doi: 10.1111/§.1600-0501.2008.01547.x

6.  Tozar A,Karahan IH. A comprehensive study on electrophoretic
deposition of a novel type of collagen and hexagonal boron
nitride reinforced hydroxyapatite/chitosan biocomposite
coating. Applied Surface Science. 2018; 452: 322-336. doi:
j.apsusc.2018.04.241

7. Lee H, Jeong Y, Park S, Jeong S, Kim H et al. Surface properties
and cell response of fluoridated hydroxyapatite/TiO 2 coated
on Ti substrate. Current Applied Physics 2009; 9 (2): 528-533.
doi: 10.1016/j.cap.2008.03.020

8. Raddaha NS, Cordero-Arias L, Cabanas-Polo S, Virtanen S,
Roether JA et al. Electrophoretic deposition of chitosan/h-BN
and chitosan/h-BN/TiO(2) composite coatings on stainless
steel (316L) substrates. Materials (Basel) 2014; 7 (3): 1814-
1829. doi: 10.3390/ma7031814

85



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

86

DEVECI et al. / Turk ] Vet Anim Sci

Lahiri D, Singh V, Benaduce AP, Seal S, Kos L et al. Boron nitride
nanotube reinforced hydroxyapatite composite: mechanical
and tribological performance and in-vitro biocompatibility to
osteoblasts. Journal of the Mechanical Behavior of Biomedical
Materials 2011; 4 (1): 44-56. doi: 10.1016/j.jmbbm.2010.09.005

Durmus AS, Ceribasi AO, Can HN. Evaluation of the
accelerator effect of coral and platelet rich fibrin on bone
healing. Kafkas University Journal of the Faculty of Veterinary
Medicine 2019; 25 (2): 193-199. doi: 10.9775/kv{d.2018.20655

Mucalo M (editor). Hydroxyapatite (HAp) for Biomedical
Applications. Amsterdam, the Netherlands: Elsevier Science;
2015. doi: 10.1016/B978-1-78242-033-0.00014-6

Wang D, Chen C, He T, Lei T. Hydroxyapatite coating on
Ti6Al4V alloy by a sol-gel method. Journal of Materials
Science: Materials in Medicine 2008; 19 (6): 2281-2286. doi:
10.1007/s10856-007-3338-5

Tozar A. Bilgisayar destekli optimizasyon kullanilarak
biyomimetik yaklagimla elektroforetik
hidroksiapatit/kitosan/kollajen/h-bn

kaplamalarin mekanik, tribolojik ve korozyon ozelliklerinin

depolanan
biyokompozit

incelenmesi. PhD, Mustafa Kemal University, Hatay, Turkey,
2017 (in Turkish).

Croisier F, Jérome C. Chitosan-based biomaterials for tissue
engineering. European Polymer Journal 2013; 49 (4): 780-792.
doi: 10.1016/j.eurpolym;.2012.12.009

Dimitriou R, Jones E, McGonagle D, Giannoudis PV. Bone
regeneration: current concepts and future directions. BMC
Medicine 2011; 9 (1): 66. doi: 10.1186/1741-7015-9-66

Mina A, Caicedo HH, Uquillas JA, Aperador W, Gutiérrez O
et al. Biocompatibility behavior of P-tricalcium phosphate-
chitosan coatings obtained on 316L stainless steel. Materials
Chemistry and Physics 2016; 175: 68-80. doi: 10.1016/j.
matchemphys.2016.02.070

Gallyamov MO, Chaschin IS, Khokhlova MA, Grigorev
TE, Bakuleva NP et al. Collagen tissue treated with chitosan
solutions in carbonic acid for improved biological prosthetic
heart valves. Materials Science and Engineering: C 2014; 37
(Supplement C): 127-140. doi: 10.1016/j.msec.2014.01.017

Campelo CS, Chevallier P, Vaz JM, Vieira RS, Mantovani
D. Sulfonated chitosan and dopamine based coatings for
metallic implants in contact with blood. Materials Science and
Engineering C: Materials for Biological Applications 2017; 72:
682-691. doi: 10.1016/j.msec.2016.11.133

Bain JL, Culpepper BK, Reddy MS, Bellis SL. Comparing

variable-length  polyglutamate domains to anchor an
osteoinductive collagen-mimetic peptide to diverse bone
grafting materials. International Journal of Oral & Maxillofacial

Implants 2014; 29 (6): 1437. doi: 10.11607/jomi.3759

Kang S (editor). Development of a porcine collagen-
hydroxyapatite scaffold as bone graft substitutes. Journal of
tissue engineering and regenerative medicine 2014: Wiley-
Blackwell 111 River St, Hoboken 07030-5774, NJ USA.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wrtodarczyk-Biegun MK, Werten MW, de Wolf FA, van den
Beucken JJ, Leeuwenburgh SC et al. Genetically engineered
silk-collagen-like copolymer for biomedical applications:
Production, characterization and evaluation of cellular
response. Acta Biomaterialia 2014; 10 (8): 3620-3629. doi:
10.1016/j.actbio.2014.05.006

Cen L, Liu W, Cui L, Zhang W, Cao Y. Collagen tissue
engineering: development of novel biomaterials and
applications. Pediatric Research 2008; 63 (5): 492-496. doi:
10.1203/PDR.0b013e31816¢5bc3

Mushahary D, Wen C, Kumar JM, Lin ], Harishankar N et al.
Collagen type-I leads to in vivo matrix mineralization and
secondary stabilization of Mg-Zr-Ca alloy implants. Colloids
and Surfaces B: Biointerfaces 2014; 122: 719-728. doi: 10.1016/j.
colsurfb.2014.08.005

Del Turco S, Ciofani G, Cappello V, Gemmi M, Cervelli T et al.
Cytocompatibility evaluation of glycol-chitosan coated boron
nitride nanotubes in human endothelial cells. Colloids and
Surfaces B: Biointerfaces 2013; 111: 142-149. doi: 10.1016/j.
colsurfb.2013.05.031

Ciofani G, Ricotti L, Danti S, Moscato S, Nesti C et al.
Investigation  of poly-L-lysine-
coated boron nitride nanotubes and C2C12 cells: up-take,
cytocompatibility, and differentiation. International Journal of
Nanomedicine 2010; 5: 285. doi: 10.2147/IJN.S9879

interactions  between

Engler M, Lesniak C, Damasch R, Ruisinger B, Eichler J.
Hexagonal boron nitride (hBN): applications from metallurgy
to cosmetics. In: CFI Ceramic Forum International; Baden,
Germany; 2007.

Tozar A, Karahan IH. A comparative study on the effect of
collagen and h-BN reinforcement of hydroxyapatite/chitosan
biocomposite coatings electrophoretically deposited on Ti-
6Al-4V biomedical implants. Surface and Coatings Technology
2018; 340: 167-176. doi: 10.1016/j.surfcoat.2018.02.034

Costa CM, Bernardes G, Ely JB, Porto LM. Proposal for access
to the femur in rats. International Journal of Biotechnology and
Molecular Biology Research 2011; 2 (4): 73-79.

Whelan DB, Bhandari M, Stephen D, Kreder H, McKee MD et al.
Development of the radiographic union score for tibial fractures
for the assessment of tibial fracture healing after intramedullary
fixation. Journal of Trauma and Acute Care Surgery 2010; 68
(3): 629-632. doi: 10.1097/TA.0b013e3181a7cl16d

Luna LG. Manual of Histologic Staining Methods of the Armed
Forces Institute of Pathology. 3rd ed. New York, NY, USA:
Blakiston Division, McGraw-Hill; 1968.

Allen HL, Wase A, Bear W. Indomethacin and aspirin: effect of
nonsteroidal anti-inflammatory agents on the rate of fracture
repair in the rat. Acta Orthopaedica Scandinavica 1980; 51 (1-
6): 595-600. doi: 10.3109/17453678008990848

Estai MA, Soelaiman IN, Shuid AN, Das S, Ali AM et al.
Histological changes in the fracture callus following the
administration of water extract of Piper sarmentosum (Daun
Kadok) in estrogen-deficient rats. Iranian Journal of Medical
Sciences 2011; 36 (4): 281.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

DEVECI et al. / Turk ] Vet Anim Sci

Naddaf H, Baniadam A, Esmaeilzadeh S, Ghadiri A, Pourmehdi
M et al. Histopathologic and radiographic evaluation of the
electroacupuncture effects on ulna fracture healing in dogs.
Open Veterinary Journal 2014; 4 (1): 44-50.

He J, Huang T, Gan L, Zhou Z, Jiang B et al. Collagen-
infiltrated porous hydroxyapatite coating and its osteogenic
properties: in vitro and in vivo study. Journal of Biomedical
Materials Research Part A 2012; 100 (7): 1706-15. doi: 10.1002/
jbm.a.34121

Negroiu G, Piticescu RM, Chitanu GC, Mihailescu IN, Zdrentu
L et al. Biocompatibility evaluation of a novel hydroxyapatite-
polymer coating for medical implants (in vitro tests). Journal
of Materials Science: Materials in Medicine 2008; 19 (4): 1537-
1544. doi: 10.1007/s10856-007-3300-6

Chan KW, Wong HM, Yeung KWK, Tjong SC. Polypropylene
Biocomposites with Boron Nitride and Nanohydroxyapatite
Reinforcements. Materials (Basel) 2015; 8 (3): 992-1008. doi:
10.3390/ma8030992

Skott M, Andreassen TT, Ulrich-Vinther M, Chen X, Keyler DE
et al. Tobacco extract but not nicotine impairs the mechanical
strength of fracture healing in rats. Journal of Orthopaedic
Research 2006; 24 (7): 1472-1479. doi: 10.1002/jor.20187

Haffner-Luntzer M, Muller-Graf F, Matthys R, Abaei A, Jonas R
et al. In vivo evaluation of fracture callus development during
bone healing in mice using an mri-compatible osteosynthesis
device for the mouse femur. Journal of Visualized Experiments:
JoVE 2017; (129). doi: 10.3791/56679

Frydman GH, Marini RP, Bakthavatchalu V, Biddle KE,
Muthupalani S et al. Local and systemic changes associated
with long-term, percutaneous, static implantation of titanium
alloys in rhesus macaques (Macaca mulatta). Comparative
Medicine 2017; 67 (2): 165-175.

DiCarlo EF, Bullough PG. The biologic responses to orthopedic
implants and their wear debris. Clinical Materials 1992; 9 (3-4):
235-260. doi: 10.1016/0267-6605(92)90104-2

Turgut K. Veteriner Klinik Laboratuvar Teshis. Konya, Turkey:
Bahg¢ivanlar Basim Sanayi A §; 2000 (in Turkish).

Carlotti APCP, Bohn D, Matsuno AK, Pasti DM, Gowrishankar
M et al. Indicators of lean body mass catabolism: emphasis on
the creatinine excretion rate. QJM: An International Journal of
Medicine 2008; 101 (3): 197-205. doi: 10.1093/gjmed/hcm127

Nathwani RA, Pais S, Reynolds TB, Kaplowitz N. Serum alanine
aminotransferase in skeletal muscle diseases. Hepatology 2005;
41 (2): 380-382. doi: 10.1002/hep.20548

Golub EE, Boesze-Battaglia K. The role of alkaline phosphatase
in mineralization. Current Opinion in Orthopaedics 2007; 18
(5): 444-448. doi: 10.1097/BCO.0b013e3282630851

Wang ZL, Yan YH, Wan T, Yang H. Poly (L-lactic acid)/
hydroxyapatite/collagen ~composite coatings on AZ31
magnesium alloy for biomedical application. Proceedings
of the Institution of Mechanical Engineers. Part H, Journal
of Engineering in Medicine 2013; 227 (10): 1094-1103. doi:
10.1177/0954411913493845

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Ou KL, Wu J, Lai WFT, Yang CB, Lo WC et al. Effects
of the nanostructure and nanoporosity on bioactive
collagen by
electrodeposition. Journal of Biomedical Materials Research
Part A 2010; 92 (3): 906-912.

Akkouch A, Zhang Z, Rouabhia M. A novel collagen/
hydroxyapatite/poly(lactide-co-¢-caprolactone) biodegradable

nanohydroxyapatite/reconstituted

and bioactive 3D porous scaffold for bone regeneration.
Journal of Biomedical Material Research Part A 2011; 96 (4):
693-704. doi: 10.1002/jbm.a.33033

Goncii Y, Gecgin M, Bakan F, Ay N. Electrophoretic deposition
of hydroxyapatite-hexagonal boron nitride composite coatings
on Ti substrate. Materials Science and Engineering: C 2017; 79:
343-353. doi: 10.1016/j.msec.2017.05.023

Emanet M, Kazanc E, Cobandede Z, Culha M. Boron nitride
nanotubes enhance properties of chitosan-based scaffolds.
Carbohydrate Polymers 2016; 151: 313-320. doi: 10.1016/j.
carbpol.2016.05.074

Atila A, Halici Z, Cadirci E, Karakus E, Palabiyik SS et al. Study
of the boron levels in serum after implantation of different
ratios nano-hexagonal boron nitride-hydroxyapatite in rat
femurs. Materials Science and Engineering: C 2016; 58: 1082-
1089. doi: 10.1016/j.msec.2015.09.041

Przekora A, Ginalska G. Biological properties of novel chitosan-
based composites for medical application as bone substitute.
Open Life Sciences 2014; 9 (6): 634-641. doi: 10.2478/s11535-
014-0297-y

Di Martino A, Sittinger M, Risbud MV. Chitosan: a
versatile biopolymer for orthopaedic tissue-engineering.
Biomaterials 2005; 26 (30): 5983-5990. doi: 10.1016/j.
biomaterials.2005.03.016

Gopi D, Nithiya S, Shinyjoy E, Rajeswari D, Kavitha L.

Carbon  nanotubes/carboxymethyl  chitosan/mineralized
hydroxyapatite composite coating on Ti-6Al-4V alloy for
improved mechanical and biological properties. Industrial &
Engineering Chemistry Research 2014; 53 (18): 7660-7669.

doi: 10.1021/ie403903q

Chang C, Peng N, He M, Teramoto Y, Nishio Y et al. Fabrication
and properties of chitin/hydroxyapatite hybrid hydrogels as
scaffold nano-materials. Carbohydrate Polymers 2013; 91 (1):
7-13. doi: 10.1016/j.carbpol.2012.07.070

Madhumathi K, Binulal N, Nagahama H, Tamura H,
Shalumon K et al. Preparation and characterization of
novel [-chitin-hydroxyapatite composite membranes for
tissue engineering applications. International Journal of
Biological Macromolecules 2009; 44 (1): 1-5. doi: 10.1016/j.
ijbiomac.2008.09.013

Madhumathi K, Shalumon K, Rani VD, Tamura H, Furuike T et
al. Wet chemical synthesis of chitosan hydrogel-hydroxyapatite
composite membranes for tissue engineering applications.
International Journal of Biological Macromolecules 2009; 45
(1): 12-15. doi: 10.1016/j.ijbiomac.2009.03.011

87



57.

58.

88

DEVECI et al. / Turk ] Vet Anim Sci

Kumar PS, Srinivasan S, Lakshmanan VK, Tamura H, Nair S et
al. B-Chitin hydrogel/nano hydroxyapatite composite scaffolds
for tissue engineering applications. Carbohydrate Polymers
2011; 85 (3): 584-591. doi: 10.1016/j.carbpol.2011.03.018

Ling T, Lin ], Tu ], Liu S, Weng W et al. Mineralized collagen
coatings formed by electrochemical deposition. Journal of
Materials Science: Materials in Medicine 2013; 24 (12): 2709-
2718. doi: 10.1007/s10856-013-5028-9

59.

60.

Al-Saadi S, Banerjee PC, Anisur MR, Raman RKS. Hexagonal
boron nitride impregnated silane composite coating for
corrosion resistance of magnesium alloys for temporary
bioimplant applications. Metals 2017; 7 (12): 518. doi: 10.3390/
met7120518

Nagarajan S, Belaid H, Pochat-Bohatier C, Teyssier C, Iatsunskyi
I et al. Design of boron nitride/gelatin electrospun nanofibers
for bone tissue engineering. ACS Applied Materials & Interfaces
2017; 9 (39): 33695-33706. doi: 10.1021/acsami.7b13199



	In vivo biocompatibility and fracture healing of hydroxyapatite-hexagonal boron nitridechitosan-collagen biocomposite coating in rats
	Recommended Citation

	tmp.1644225843.pdf.KLq5O

