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Abstract

Hydroxyapatite (HAp) has been extensively used as bone substitutes of autologous and allogenic bone grafts
and as coatings on metallic implants due to its good biocompatibility and bioactivity.

In order to increase bioactivity and osteoconductivity, HAp has been doped with zinc, a trace element available
in bone. However, bone repairing capabilities have not been properly demonstrated after in vivo implantation with
insulin like growth factor-1 (IGF-1) loaded zinc doped hydroxyapatite up to now. In this prospective, the concept
of increased osteoinductivity was adopted to fabricate a combination product with zinc doped hydroxyapatite and
insulin like growth factor-1 toward the development of growth factor loaded construct. Porous hydroxyapatite alone
and in combination with zinc dopants was characterized using XRD, FTIR, SEM, EDX and the mechanical property
using Vickers hardness and fracture toughness for its physiochemical properties and subsequently applied in critical
sized defect model in rabbit for a period of 3 months. Fluorochrome labeling, histological analysis, radiology and
scanning electron microscopy (SEM) were performed to study angiogenesis, bone formation and osseous ingrowth.
Interestingly, the histology of the IGF-1 loaded scaffold revealed well distribution of osteoblastic cell along with
angiogenesis as compared to zinc doped and undoped HAp scaffold. Radiological, fluorochrome labeling and SEM
observations demonstrated similar findings of more new bone formation, osseointegration and rapid mineralization
indicating potentials for bone regeneration and repairing of bone defects.
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Abbreviations: HAp - Hydroxyapatite; SEM- Scanning Electron
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Introduction

Calcium phosphate ceramics have gained considerable dimension
for several decades because the mineral phase of bone is calcium
Hydroxyapatite (HAp) and instinctively integrate with living bone
[1]. Excellent biocompatibility, minimal immunologic and systemic
reaction made them ideal substitutes for autologous or allogenous
bone grafts [2-5]. Apart from the presence of calcium and phosphate
ions, bone contains several carbonate, magnesium, sodium and
trace elements which took vital role in overall performance of bone.
Nevertheless, further improvements on bioactivity, osteoconductivity
and biodegradability are prerequisite which can significantly enhance
faster bone growth and consequently promote the applications in
orthopaedic surgery [6]. To achieve this goal, various researchers have
tried to develop optimal calcium phosphate ceramics by improving
processing techniques and rational compositional design [7-9].

Amongst the calcium phosphate ceramics, porous hydroxyapatite is
the mostly applied materials in bone healing. Although there are several
good qualities of synthetic HAp in bone healing, inherent brittleness
makes them unsuitable in load bearing application [10]. To overcome
these properties and to increase the bioactivity and osteoconductivity,
several researchers have tried to find alternative ways and techniques
to achieve appropriate biological and physiochemical properties in
synthetic HAp for bone replacement. Addition of small amount of
trace ions in HAp may have influence on the lattice parameters, the
crystallinity, the dissolution kinetics [11] and possibly will have
importance to improve mechanical properties and osseointegration.

Zinc is an essential trace element that plays vital role on osteoblastic
cell proliferation and alkaline phosphate activity of bone cells in vivo
and an inhibitory effect on osteoclastic bone resorption in vitro [12-
13]. Besides, Zn** at very low concentration has demonstrated to have
a significant effect on increasing the growth of bone cells [12-13],
enhanced osteoblast adhesion, alkaline phosphatase activity of bone
cells [14-17], also decreased the inflammatory reaction [18] whereas
higher concentrations of zinc into cell culture medium enhanced the
ALP activity of osteoblast cells [19] but had deleterious effects on cell
attachments and growth and even with 3.5 wt.% ZnO doping caused
cell death [20]. Thus the addition of zinc to hydroxyapatite may have
important proposition for the proper integration to implant with
bone. Further, bone repair is multifaceted biological phenomenon
controlled by numerous cytokines and growth factors that ultimately
help progenitors and inflammatory cells to migrate and enhance
healing processes. Delivery of growth factors is one of the approaches
to stimulate cellular adhesion, proliferation, and differentiation hence
promoting bone regeneration [21]. The controlled delivery of growth
factors can be done at localized orthopaedic sites through optimally
designed biomaterial carriers as systemic administration of growth
factors are often erratic, possibly due to their short biological half life,
lack oflong term stability, tissue specificity and potential dose dependent
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carcinogenicity. Since hydroxyapatite has a micro pore structure and
excellent biological property to the physiological condition, it can be
used as slow release of the drug [22].

Based on all earlier results, it is necessary to understand new
mechanisms how nontoxic and biocompatible zinc based hydroxyapatite
materials alone and in combination with insulin like growth factor-1
would enhance more bone formation and better implant-bone
integration in in vivo model. In fact there is no dearth of literature on
the doped HAp, be it dense or porous, however, detailed clinical study of
doped porous HAp, using in vivo study is yet to be reported. Moreover,
the extent of betterment in the clinical performance of such doped HAP
with the introduction of IGF-1 is also not reported in minute details.
For this reason, the aim of the work is to present detailed study to
determine the influence of Zn dopants alone and in combination with
insulin like growth factor-1 on osteoblast proliferation, osseointegration
as well as its potential to promote mineralization at in vivo animal
model onto porous hydroxyapatite scaffold. In the present work porous
hydroxyapatite and zinc-doped hydroxyapatite were synthesized,
characterized, loaded with osteoinductive protein i.e. insulin like
growth factor-1 and consequently applied in critical sized bone defect
in rabbit model.

Material and Methods
Material characterization

Powder synthesis: Pure hydroxyapatite powder was prepared using
wet chemical method. In this method, G.R. grade calcium hydroxide
(Ca(OH),) and orthophosphoric acid (H,PO,) were used. H,PO,
solution was added drop by drop in the Ca(OH), solution in stirring
condition. Synthesis was done at 80°C at a pH of 11-12. The solution
thus obtained was aged for 24 h and then filtered. After drying at 80°C
the hydroxyapatite cake was sieved to get the powder for calcinations
at 800°C for 2 hours. The calcined HAp powders were pressed at a
pressure of 150 MPa to get pellets in a uniaxial press. The pellets were
then sintered at 1100°C for 1 hour to get porous structure. To get Porous
Zn doped hydroxyapatite calcined HAp powder were ball milled with
chitosan and 2% ZnO2 for 4 hours for proper mixing. The Zn doped
HAp powder was then pressed in uniaxial press at 150 MPa and then
sintered at 1200°C for 1 hour.

Characterization: X-ray diffraction (XRD) technique was used to
study the phase evolution and phase identification. Both the sintered
samples Pure Hydroxyapatite (PPH) and Zinc Doped Hydroxyapatite
(PZH) were studied for phase identification in Rigaku diffractometer
(Model-Miniflex, Rigaku Co., Tokyo, Japan) using Kb filtered Cu Ka
radiation in the step scanning mode with tube voltage of 30KV and
tube current of 15mA. The XRD patterns were recorded in the 26
range of 0-80° with scan speed 1° per min. Fourier Transform Infrared
Spectroscopy (FTIR) was done to study the bonds present in the
molecule. In our experiment, FTIR measurements were performed in
mid IR region (5000-400 cm™) using KBr pallets in a IR Prestige-21,
Shimadzu instrument. The bulk density of the both sintered samples
was calculated by simple gravimetric analysis. The morphology and
the microstructure of the sintered samples were observed by scanning
electron microscope. (SEM, S3000N, Hitachi, Japan). Elemental
analysis was carried out by Energy Dispersive X-ray Spectroscopy
(EDS) connected with SEM.

Hardness Test was carried out using a Vickers diamond indenter
on an automated hardness tester (Model No-LV-700AT, LECO Co,
MI). During the hardness test, a load of 0.3 Kgf, 1Kgf and 3Kgf was

applied on both PPH PZH samples for their hardness at three different
locations with three different loads. The average of these readings were
computed, reported and compared.

Fracture Toughness (Klc) was calculated using simple equation
considering radial-median crack geometry: K, = 0.016(E/H)"* P/(c)*”

We measured the average crack length which was developed by
indentation at the time of hardness testing. We measured the crack
length and confirmed that the ratio of crack length to half the diagonal
exceeds 2.5, the prerequisite for assuming radial median crack geometry.

Implant loading with IGF-1

Recombinant human IGF-1, 30 pg/implant (Enzo Life Sciences,
Switzerland) was dissolved in 0.1% sterile bovine serum albumin
in PBS. IGF-I was adsorbed onto the surfaces of the interconnecting
porous zinc doped hydroxyapatite implants at 4°C in sterile conditions
under vacuum.

In vivo study

The animal experimentation has been carried out following the
standards conforming to the Institutional Animal Ethics Committee
of West Bengal University of Animal and fishery sciences, India. A
total of sixteen (16) New Zealand rabbits of either sex, 2-2.5 kg. body
weight were randomly distributed into 4 groups of 4 animals each, as
follows: 1) control (Gr. 1), in which the bone defect was not treated,
2) test specimens (Gr. 2), in which hydroxyapatite scaffold alone,
3) test specimens in which zinc doped hydroxyapatite scaffold (Gr.
3) and 4) test specimens (Gr. 4), in which hydroxyapatite with IGF-
1. Under aseptic measures, critical sized defect (0.8x0.4x0.3 c¢m’) in
proximal tibia was created in each animal by micro motor dental drill
with sterile cold normal saline irrigation after exposing the bone and
under sedation with xylazine hydrochloride (XYLAXIN® 1 mg/kg body
weight; Indian Immunologicals, India) and Ketamine hydrochloride
(KETALAR®, Parke-Davis, India) in combination with local 2%
lignocaine hydrochloride (XYLOCAINE®, Neon Laboratories, India).
The implants were press fitted in position and kept secure by suturing
the muscle, subcutaneous tissue, and skin in layers. Postoperatively, all
the animals received cefotaxime sodium (125 mg IM twice daily; Mapra
India, India) and injectable meloxicam (MELONEX?, 0.2 mL once daily
for 5 days; Intas Pharmaceuticals, India) with daily dressing changes of
the surgical wounds.

Sequential radiographs were taken at regular, calculated intervals
on days 0, 30, 60 and 90 to outline bone-material interface and estimate
the extent of bonding. This was further verified by detailed SEM study
at the end of study of 90 days. To obtain electro-magnetic signals the
samples were golden ion sputtered on Jeol ion sputter Model JEC 1100
at 7 to 10 mA and 1-2KV for 5 minutes. Finally, they were examined
in scanning electron microscope (Jeol JSM 5200 model) for observing
different surfaces to understand the orientation and distribution of
newly formed osseous tissues within the materials at the defect site
and finally compared among all scaffolds together with control. After
sacrifice, the proximal tibias were harvested for histological analysis to
check the cellular response of host bone to the implants. 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 (Goodling and Stewart’s fluid containing formic acid
15 mL, formalin 5 mL and distilled water 80 mL solution), followed
by fixation with 4% para-formaldehyde. The samples were then
embedded into paraffin wax, 4 pm sections were prepared and stained
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with haematoxyline and eosin. Finally, fluorochrome (oxytetracycline
dehydrate; Pfizer India, India), at a dose of 50 mg/kg body weight,
was given on days 77, 78 and 85, 86 (2-6-2 manner) post-operatively
for double-toning of new bone. Undecalcified ground sections were
prepared from the implanted segments of bone and the sections
were ground to 20 pm thickness using different grades of sand paper.
The ground undecalcified sections were observed under ultraviolet
incidental light with an Orthoplan microscope (Excitation filter, BP-
400 range, Leitz, USA) to analyze bone formation within the implants.

Results

Material characterization

Figure 1(a) and (b) shows the XRD pattern of pure hydroxyapatite
(PPH) and zinc doped hydroxyapatite (PZH) respectively. Major peaks
were found at 31.7 according to PDF 09-432 for both samples. In the
zinc doped HAp the crystallite was phase pure and the zinc doping did
not alter the phase of the hydroxyapatite.

The obtained FTIR pattern of pure Hap and zinc doped HAp was
presented in Figure 2. In Figure 2(a) the intense peak at 3570 reveals
the presence of hydroxyl group. As shown in Figure 2(a), zinc doped
HAp showed two peaks at 3419 and 3550 which signifies the presence
of hydroxyl group. The peaks at 1074 in PPH and peaks at 1007 in PZH
reveal the presence of PO, groups.

The bulk density of both samples PPH and PZH were calculated by
measuring the mass and volume. We got density 2.17 gm/CC (68.68%)
and 31.33% porosity for pure HAp. For the Zinc doped HAp the bulk
density was 1.73gm/CC with 45.02% porosity.

The scanning electron microscopy was carried out for the both
sample PPH and PZH to study the surface morphology and the
microstructure. The grain size for PPH ranges from 0.247 micron to
0.544 micron and for PZH grain size ranges from 0.698 micron to 1.397
micron. It was observed that the gains were spherical shaped for both
samples as shown in Figure 3(a) and (b). Pores were observed in the
SEM micrograph and the pores were interconnected. The EDX study
showed the presence of Ca, P and O in PPH sample and Ca, P, O and
Zn in PZH sample Figure 4(a) and (b).

The Vickers hardness measurement was conducted in three
different loads in three different locations on the samples. We applied
0.3 Kgf, 1 Kgf and 3 Kgf and then we calculated the average value of
hardness. We also calculated the average value of fracture toughness for
PPH samples. The values of hardness are listed in the table given below:

We could not calculate the average crack length of Zn doped HAp
because the crack propagation was not found clearly from the site of
indentation. Most of the cracks merged with the inherent pores that
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Figure 1: XRD pattern of (a) porous pure HAp (PPH) and Porous Zn doped HAp (PZH).
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Figure 2: FTIR spectra of (a) porous pure HAp (PPH) and Porous Zn doped HAp (PZH).
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Figure 3: SEM Micrograph of (a) porous pure HAp (PPH) and Porous Zn doped HAp (PZH).
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Spectrum 21
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Figure 4: EDX plot of (a) porous pure HAp (PPH) and Porous Zn doped HAp (PZH).

(b)

made measurement difficult. In none of the cases, crack length could be
measured to calculate the fracture toughness for the samples.

In vivo Study

Radiological observations: A tibial defect model was employed
to evaluate the bone healing and regeneration. As shown in Figure 5a,
defect hole was observed in proximal tibia as evidenced by radiolucent
zone at 0 day. The radiolucent zone was still present on day 30 except
substantial reduction of gap along with periosteal reaction in the
surrounding area. The shadow of radiolucency still existed on day 60
and 90 except the gap is reduced by osseous tissue. As shown in Figure
5b, proximal part of tibia showed presence of well placed radiodense
material at 0 day. The radiograph on day 30 showed presence of
material with interfacial gap between bone and implant and rounding
of all corners of defect. On day 60 and 90, the material still existed
with gradual reduction of interfacial gap indicating formation of bone
ingrowth. As shown in Figure 5c¢, radiograph demonstrated well placed
radiodense material in proximal tibia on day 0 and showed gradual
reduction of radiolucency between bone and implant at day 30. On
day 60 and 90, although radiodense material was still present, the
radiolucency between bone and implant is substantially reduced and
more bone formation within the implanted area. As shown in Figure 5d,

the radiodense material was present through the experimental period
but the radiolucent gap between bone and implant almost disappeared
on day 60 and 90. The radiodensity of implant approached normalcy to
the host bone on day 90 indicating rapid bone ingrowth, conjugation
with host bone and mineralization.

Microstructural study (SEM): Figure 6 (a-c) shows microstructural
study carried out by scanning electron microscopy at 3 months post-
surgery. As shown in Figure 6a, there was substantial interfacial gap
between the bone and implant with some osseous ingrowth over
the implant in HAp implanted bone. In zinc doped HAp implanted
bone showed nearly completing interfacial zone with the presence of
biological material in the gap and better tissue on-growth over the
implant (Figure 6b). As shown in Figure 6c¢, the interfacial gap between
the bone and implant was almost absent with the presence of substantial
tissue on-growth over the implant.

Histological observations: Figure 7(a-d) shows Hematoxylin
and Eosin (HE) staining images at 3 months post-surgery, exhibiting
the cellular responses between the implants and the host bone tissues
after implantation of porous HAp, zinc doped porous HAp and IGF-
1 loaded zinc doped HAP and compared with control. As shown in
Figure 7a, moderately developed bony osteoid with few angiogenic
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Figure 5 (A-B): Serial radiographs at different days of interval in different groups upto 90 day post-operatively.

points and presence of RBC and mononuclear cells were observed
in control bone samples. Figure 7b in porous hydroxyapatite bone
showed canalized haversian system with lamellar deposition of fibro-
cartilaginous tissue, osteoblast and few vascular points. Figure 7c in
zinc doped hydroxyapatite bone showed well developed haversian canal
with proliferative lamellar mass with angiogenic points whereas IGF-1
loaded doped hydroxyapatite exhibited well developed haversian canal
and osseous canaliculi inssipited by fairly developed calcareous mass
and proliferating osteoblast along with angiogenesis (Figure 7d).

Fluorochrome labeling observations: Figure 8(a-d) shows
fluorochrome labeling images at 3 months post-surgery, exhibiting
new bone formation as evidenced by golden yellow fluorescence
where as sea green colour appears host bone. As shown in Figure 8a,
the activity of new bone formation in control bone was very less, as
evidenced by narrow zone of golden yellow fluorescence and mostly
old bone appearance was observed where as in HAp placed bone
showed substantial increase of new bone formation in the defect area
as compared to control bone (Figure 8b). As shown in Figure 8¢ in zinc
doped hydroxyapatite, intensity of new bone formation was moderate
as evidenced by better zone of golden yellow fluorescence in endosteal
area of bone defect while the periosteal area showed mostly light sea
green appearance. In IGF-1 loaded doped HAp bone showed marked
golden yellow fluorescence of newly formed bone originated both from
endosteal and periosteal surface showing good osseous activity (Figure
8d).

Discussion

Wide spread biological and biomechanical research has been
conducted for treatment of bone defects [23-24]. Even though the
majority of fractures do heal well, the treatment of large skeletal defects

has a primary concern to the orthopedic surgeons and poses challenges
in curing such disorders. Autogenous bone grafts are still considered
as gold standard in revision surgery [25] but several drawbacks limited
their use in clinical situation.

As a result, research through biological and mechanical approaches
gained considerable dimension toward improving bone tissue defect
healing [26]. The significant biocompatibility and osteoconductivity of
calcium phosphate bioceramics especially hydroxyapatite have led to its
widespread use in bone reconstructive surgery [26-30]. Hydroxyapatite
with highly interconnected porosity is better than dense HA as an
alternative to bone grafts [31] as porous structure enables osseous
ingrowth into the implant which supports mechanically stable and
biologically integrated repair.

An active bone hydroxyapatite interface is one of the most
prerequisites in osseointegration process for the close bonding of
ceramic materials to living tissue [32]. This is achieved through
processes of dissolution and precipitation of carbonate apatite
associated with bone leading to a strong material-bone interface [32-
33]. In addition to calcium and phosphate ions, bone contains some
trace elements like carbonate, magnesium, sodium etc. which may
play distinct role in overall performance of bone [28,34]. Addition of
small amount of dopants and more importantly, zinc may trigger the
osteoconductivity of the porous hydroxyapatite implant. Zinc addition
in calcium phosphate can control grain growth and increase density,
has stimulatory effects on bone formation [35] and has shown to inhibit
osteoclastic bone resorption [36].

Apart from the activity of dopants, current approaches for bone
tissue regeneration have been centered on rapid cell growth and high
cell differentiation in implantable matrices that mimic biological tissues

Volume 1 © Issue 4 * 2012


http://dx.doi.org/10.4172/scientificreports.234

Citation: Chettri B, Nandi SK, Chanda A, Begam H (2012) Bone Ingrowth to Insulin like Growth Factor-1 Loaded Zinc Doped Hydroxyapatite Implants:
an In Vivo Study. 1: 234. doi:10.4172/scientificreports.234

Page 6 of 9

Figure 6 (A-C): Scanning electron microscopy of implanted bone at 90 day post-operatively (NB- New bone, 1Z- Interfacial zone, a- HAp implanted bone; b-Zinc
doped HAp implanted bone; c- Zinc doped HAp with IGF-1 implanted bone).

Figure 7 (A-D): Hematoxylin and Eosin (HE) staining histological images at 3 months post-operatively (A- Gr. 1, B-Gr. 2, C-Gr. 3, D- Gr. 4; OB- Osteoblast, BV-
Blood vessel, HC- Haversian canal).

[37]. Amongst the various approaches, growth factor delivery through properties of porous scaffolds either by inducing osteogenesis or
a porous scaffold into the localized site can improve the biological  vascularization [38-42]. IGF-1 is one such growth factor which can
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Figure 8: Fluorochrome labeling images at 3 months post-operatively (a- Gr. 1, b- Gr. 2, c- Gr. 3, d- Gr. 4; NB- New bone, OB- Old bone).

stimulate osteoblast proliferation and bone matrix synthesis [43].
The aim of the present study was to explore the biological activity of a
synthetic zinc doped porous hydroxyapatite made in our laboratories
and to observe whether IGF-I, a mitogen of primary osteoblasts [44]
can stimulate new bone ingrowth when loaded onto doped implants.

Radiography is an excellent tool in assessing the union at the host
bone-implant interfaces during the follow-up of implanted biomaterials
[45]. A distinct radiolucent zone at the interface between implants
and the host bone is generally seen on the immediate postoperative
radiographs. The gradual absence of this radiolucent zone is considered
to be an indication of union between the implant and the host bone
[46-47]. In the present study, sequential radiographs from the animals
of all groups are taken and the results are summarized in Figure
5. With time, the reduction of radiolucent gap between bone and
implant confirms the good bonding vis-a-vis faster bone repairing and
remodeling process in IGF-1 loaded zinc doped HAp implanted bone
where as zinc doped HAp scaffold bone showed substantial reduction
of radiolucent gap suggesting progressive bone healing within the
defect area. This may due to the effects of zinc dopants and similar
type of results have been observed using zinc dopants [48]. In porous
HAp implanted bones, gradual reduction of interfacial gap is shown
indicating initiation of bone ingrowth within this time where as little
bone ingrowth is evidenced in control, sham bone. The bone defect can
be seen clearly and kept their original shapes pretty nearly except the
reduction of defect gap.

To further understand the mechanisms of bone remodeling,
histological and SEM studies have been carried out in the present
study. As indicated in the histological and SEM analysis, higher
osseointegration capability was detected for IGF-1 loaded doped
porous HAP and only doped HAp as compared to HAp and control
bone. At 90 days post implantation, well developed haversian canal and
osseous canaliculi along with proliferating osteoblast and angiogenesis

are detected in Gr.4. Whereas well developed haversian canal with
proliferative lamellar mass with angiogenic points are observed in Gr.
3. Microstructural studies through SEM also demonstrates similar
findings with enhanced integration at the bone-implant interface,
nearly no presence of gap and almost complete integration of bony
and soft tissue into the porous structure in Gr. 4 as compared to Gr. 3.
The osteoid formation along the transplanted material is clearly visible,
confirming proliferation of more osteoblastic cells and subsequent
bone matrix deposition [49]. The enhanced and interconnected
porosity of the doped hydroxyapatite implant allows osteoprogenitor
cell penetration, cell migration, and attachment enabling new bone
ingrowth and thus forming a strong bond with the periprosthetic bone
[43]. The presence of porosity, predominantly interconnected porosity,
offers higher surface area for improved mechanical interlocking
between the scaffolds and surrounding host tissue [50-51] and also
provides pathways for micronutrients [52]. Moreover, in the present
study, addition of IGF-1, known to stimulate osteoblast proliferation
[44,53], has been used to improve the bioactivity of doped HAp implant
to yield better repair of a bony defect. In addition, IGF-I plays definite
role with increased type I collagen transcription, bone matrix apposition
and inhibition of bone collagen degradation [54]. In contrast, only HAp
and control bone show moderately developed canalized haversian
system with lamellar deposition of fibro-cartilaginous tissue, osteoblast
and few vascular points which may be due to the lack of sufficient
osteoblastic cell population within the implant center.

Fluorochrome labeling studies by tetracycline marker are also
conducted in the present study to understand the difference in new
bone formation in the implanted bone defect of all groups. Tetracycline
is generally absorbed to the areas where active deposition of mineralized
tissue is taking place [55-56]. The labeled new bone and old bone
discharge bright golden-yellow and dark, sea green fluorescence
respectively when observed under UV light and this offers practical
information in assessing the amount of new bone formation and bone
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healing [46-47,57].The IGF-treated doped samples show an increased
amount of primary bone ingrowth into the area as evidenced by more
golden yellow fluorescence than doped HAp, HAp and control bone
respectively. The increase amount of new bone deposition was brought
about by an increase in mineral apposition rate which may be due to
the combining stimulatory effects of zinc dopants and IGF-1 in HAp
implants. .

Conclusions

The results of the present study suggest that addition of zinc
dopants alone and in combination with insulin like growth factor-1
would be effective in further enhancing the osteoconductivity and
osteoinductivity of porous hydroxyapatite scaffold by supporting rapid
new bone formation in osseous defects. The results also suggest that
zinc doped porous HAp implants might provide a delivery system for
bioactive agents to accelerate bone healing and better anchorage of bone
implants in orthopedic surgery. However, further detailed studies are
needed to elucidate the exact mechanisms of zinc dopants on enhanced
bone healing for suitable use in future biomedical applications as a
more osteoconductive bone substitute.
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