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Abstract: Limited osseointegration of dental implants in areas of poor quantity and quality of bone underscore the
need for novel approaches that modulate host cell-implant responses to enhance osseointegration. Bioinspired
strategies have emerged and included functionalizing implants with extracellular matrix proteins to augment the
biological performance of dental implant. The purpose of this study was to investigate whether coating implant
surface with hyaluronate will improve osseointegration compared to uncoated implant surface. Twelve mature New
Zealand white rabbits weighing 2.5 - 3.5 kg were implanted with a hyaluronate -coated implant in one tibia and
uncoated implant in the other one. Six animals were evaluated by scanning electron microscope for a period of 4 or
8 weeks. Scanning electron microscopy analysis demonstrated that the implants with hyaluronate coating had
significantly the least percentage of gap distance at 8 weeks (P=0.0079) compared with the uncoated implants.
Biofunctionalization of the implant surface with hyaluronate significantly improve bone to implant contact and
osseointegration.
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The concept of functionalizing the implant
surfaces with native or synthetic molecules based on
extracellular matrix ECM peptides, proteins and
growth factors emerged from the hypothesis that the
ability of imitating the environment of bone, which is
composed of an organic and inorganic phase, could
enhance the implant surface performance, and
encouraging the initial biological response.(5)
In bone, the ECM consists mainly of an organic
phase known as osteoid, which constitutes
approximately 20% of bone mass, and a mineral
phase which is composed of hydroxyapatite, and
calcium phosphate compound. The organic fraction
of bone consists of over 90% type I collagen, other
minor collagens such as types III and V, and 5% non
collagenous proteins. Those proteins include
osteocalcin, osteonectin, osteopontin, adhesion
proteins such as fibronectin and vitronectin and
proteoglycans such as versican, decorin and
hyaluronan. The bone matrix also sequesters growth
factors, acting as a reservoir for soluble inductive
signals such as bone morphogenic protein (BMP). (6)
Hyaluronateisawidelydistributed polysaccharide
component of the extracellular matrix of connective
tissues and bone. (7,8) It has been reported to play an
important role in tissue repair and regeneration.(9,10)
Hyaluronate structure consists of polyanionic
disaccharide units of glucouronic acid and N-acetylglucosamine connected by alternating β 1–3 and β1–4

1. Introduction
Pure titanium and titanium alloys are well
established standard materials in dental implants
because of their favorable combination of mechanical
strength, chemical stability, and biocompatibility.
Integration of titanium implants with the surrounding
bone is critical for successful bone regeneration and
healing. (1)
The first generation of successfully used clinical
titanium implants, which were machined with a
smooth surface texture, now approach 50 years in
clinical use. Since then, implant surfaces have long
been recognized to play an important role in
molecular interactions, cellular response and
osseointegration.(2) Scientists all over the world have
developed the second generation implants with
surfaces modifications to promote osseointegration,
with faster and stronger bone formation. This will
likely confer better stability during the healing
process, which, preferentially, will improve the
clinical performance in the area of poor bone quality
and quantity. Furthermore, such promotion may, in
turn, accelerate the bone healing and thereby
allowing immediate or early loading protocols.(3)
The second generation of implants underwent various
surface modifications from mechanical blasting
coupled or not, with acid etch, (3) anodized, and laser
modified (4) to more recently, biofunctionalized
surfaces. (5)
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bonds. (11) There is no antigenic specificity for
species or tissues; and thus, these agents have a low
potential for allergic or immunogenic reaction. (12).
Hyaluronate plays a vital role in the functioning of
extracellular matrices, including those of mineralized
and non-mineralized tissues. It has been reported that
Hyaluronic acid accelerates the regeneration by
means of chemotaxis, proliferation and successive
differentiation of mesenchymal cells. (13) It shares
bone induction characteristics with osteogenic
substances such as bone morphogenetic protein-2 and
osteopontin.(14) The application of exogenous
hyaluronate showed good results in manipulating and
accelerating the wound healing process in a large
number of medical disciplines. (15,16)
The scientific rationale underlying the
development of the current approach stems from the
need for an osteoinductive biomaterial with improved
biologic properties, facilitating cell migration and
attachment to be used as bioactive coating for dental
implant for accelerated wound healing and
osseointegration. In light of the roles described to
hyaluronate during embryonic development and
tissue repair, (17) this polysaccharide, may be the
promising candidate molecule for this purpose.
The purpose of this study was to investigate
whether biofunctionalized implant surface containing
hyaluronate influences the bone-implant contact and
osseointegration around implants compared to
standard uncoated implant surface.

30 mg/kg body weight. Local anesthesia with 1ml of
5% Xylocaine (Astra, Sweden) was administrated to
the tibial metaphysis where the implants were to be
inserted.
Surgical protocol:
Once general anaesthesia was established, the
medial aspects in the region of the proximal tibia
were shaved; the skin was carefully swabbed with
mixture of iodine and 70% ethanol. A 30 mm incision
was made along the medial aspect of the proximal
tibia and the wound advanced down to and through
the periosteum. A subperiosteal dissection was then
advanced up to the inferior attachment of the knee
joint capsule and laterally to the full extent of the flat
medial bone surface.
Under continuous irrigation with sterile saline,
the twenty four implants were installed in tibiae bone
according to the manufacturer’s instructions. The
prophylactic administration of procaine penicillin
(Wyeth Pharmaceuticals, Parramatta, New South
Wales.) 60 000 units/kg intramuscularly was
commenced during the surgery and continued for
three postoperative days to reduce the potential for
wound infection.
Animal sacrification:
To assess bone attachment to the implant
surfaces, Six rabbits were sacrificed at 4 and 8 weeks
using an intramuscular injection of 60 mg/ml/kg body
weight sodium phenobarbitone ( Phenobarbitone,
Fawns & McAllan Pty Ltd, Melbourne, Victoria).
Electron microscopic analysis:
Block sections of the tibial bone, containing the
implants were obtained using a stryker bone saw
(Stryker; Kalamazoo, Mich, United States of
America). The samples were immersed into 10%
buffered formic for 48 hours for decalcification.
These specimens were dehydrated in ascending ethyl
alcohol concentration 70%, 80% and 90% for 6 hours
each and 100% for 10 hours. Then, to displace the
alcohol the specimen were immersed in acetone for
12 hours. These specimen were embedded in
polymethylmethacrylate resin under vacuum and
after polymerization for 24 hours, sections were cut
at 150m by a diamond wafering blade. The
specimens were coated with layer of gold with the aid
of magnetron-spattering device. Analysis was
performed using scanning electron microscopy
(SEM, JXA-840A, JEOL, Japan). The mean gap
distance (μm) between the bone and implant in areas
among the five threads was calculated.
Statistical analysis:
The data obtained from computer image
analysis were presented as mean and standard
deviation (SD), tabulated and statistically analyzed.
Student’s t-test was used for comparisons between
the two different observation periods and for

2. Materials and Methods
A total of twelve mature New Zealand white
rabbits weighing 2.5 - 3.5 kg were used in this
study,each rabbit was implanted with a hyaluronate coated implant in one tibia(test) and uncoated implant
in the other tibia(control).
Implant material:
Twenty four 8×4.2 mm: length × diameter
Sand-blasted, acid-etched dental implants were used
in this study (Dentium,Soul,Korea)
Implants Coating:
Twelve implants were incubated for two hours
in 300 μl of hyaloranate solution (Hyadent,
BioScience Gmbh,Germany).The treated implants
were removed from the coating solutions and allowed
to dry under sterile conditions for 12 hours at room
temperature. Thereafter, the coated implants were
ready for implantation. (18,19)
Anaesthetic protocol:
Under aseptic conditions the surgical procedure
was carried out under general anaesthesia produced
by an intramuscular injection of Xylazine
(Chanazine, Chanelle Pharmacuetical, Ireland)
5mg/kg body weight and ketamine Hydrochloride
(Ketamine, Pharmazeutische Pröparate, Germany).
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comparison between each group. P value ≤ 0.05 was
considered statistically significant.

II- Change by time in gap distance in control and
experimental groups
Both groups exhibited a decrease in gap
distance throughout time. Student’s t test revealed
that the difference in gap distance throughout the
experiment (four and eight weeks post-operatively)
was extremely statistically significant (p<0.0001) in
the control and experimental groups (Table 2, Fig.26).

3. Results
No difficulties were experienced during the use
of the tested implants. All animals survived the
surgical procedure and each of the postoperative
examinations. During the healing period, no signs of
inflammation or negative side effects with regard to
the local tissue compatibility were detected.
Scanning electron microscope examination
I-Comparison between control and experimental
groups
Measurement of gap distance by the aid of the
scanning
electron
microsope
four
weeks
postoperatively revealed greater measurement in the
control group (6.917±3.268), while the least value
was recorded in the hyaluronate group (5.212 ±
0.802). The same pattern was observed eight weeks
post-operatively, where the gap distance was greater
in the control group (1.613±1.195) compared to
hyaluronate group that revealed the least value
(0.415±0.422).
Scanning electron microscopic measurements
revealed that the gap distance was greater in the
control group compared to hyaluronate group at both
observation periods. Student’s t test revealed that the
difference between these two groups was not
statistically significant at 4weeks (p=0.1265), but was
very statistically significant at 8 weeks (p= 0.0079),
(Table 1, Fig.1).

Table (2) Change by time in gap distance of each
group and statistical significance of the difference
(Paired Student’s t test)
Groups
Values
Mean±SD
t value
P value

4 weeks
8 weeks

Hyaluronate
5.212± 0.802
0.415±0.422

tvalue
1.6023
2.9893

Hyaluronate
4weeks
8 weeks
5.212
0.415
± 0.802
±0.422
16.7387
<0.0001***

***extremely statistically significant
8
7
6
5
4

Control

3

Hyaluronate

2
1
0

Table (1) Mean (±standard deviation) of gap distance
(µm) of control and Hyaluronate group and statistical
significance of the difference (Student’s t test)
Control
6.917±3.268
1.613±1.195

Control
4 weeks
8 weeks
6.917
1.613
±3.268
±1.195
4.8203
<0.0001***

4 weeks

8 weeks

Fig. (2) Change by time in gap distance in control
and experimental groups

p value
0.1265
0.0079**

** very statistically significant
Gap distance (µm)
6.917
7
6
5
4
3

5.212
weeks 4
weeks 8

1.613

2
1
0

0.415
Control

Figure 3. Scanning Electron Micrograph for
control group at the end of 4 weeks showing gap
distance of bone along the implant surface (SEM
X 500).
B: Bone
I : Implant

Hyaluronate

Fig. (1) Mean of gap distance (µm) in control and
hyaluronate group
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4. Discussion
Implant osseointegration is a prerequisite for
clinical success in orthopaedic and dental
applications, many of which are restricted by
loosening. Current orthopedic implant surface
technologies, including porous coatings and calcium
phosphate overcoats, seek to promote bone cell
ingrowth and mineral formation.(20,21) Although
these approaches are successful in many cases, they
can be restricted by slow rates of osseointegration
and poor mechanical anchorage, especially in
challenging clinical cases, such as those associated
with large bone loss and poor bone quality. In
addition, these Surface modification approaches rely
on costly and manufacturing-intensive processes.
(22)
As an alternative to these surface technologies,
emerging biomimetic strategies,they have focused on
the presentation of biological motifs, including
extracellular matrix sequences and growth
factors.(23,24) The general paradigm of these bioinspired approaches is the covalent immobilization of
the biological entities onto the underlying material
support, which often involves multi-step procedures
to
render
the
support
suitable
for
biofunctionalization.(25,26) In contrast, a recently
described simple, one-step coating procedure that
relies on the passive adsorption of ECM biomaterial
onto biomedical grade titanium to enhance
osseointegration has been introduced. (19)
The present study was conducted to examine the
ability of a biomimetic implant coating strategy to
promote bone tissue healing and implant
osseointegration. This coating relies on the
physisorption of hyaluronate onto the surface of sand
blasted acid etched implant as a simple, clinicallytranslatable strategy to functionalize dental implants.
In this study the implant used was sand blasted
acid etched dental implant. It has been reported that
the modification on the topographic pattern of surface
increases not only the bone-implant contact, but also
the biomechanical interaction of that interface at
early implantation periods.(5) Furthermore this
surface texture allows for ingrowth of bone into the
implant surface, thus promoting osseointegration of
the implant into the bone. (27,28)
Importantly, in this study the biomimetic
surface approach utilized a simple, dip-coating of
hyaluronate to pre-sterilized Ti implants, a quick and
versatile surface application conducted under
physiological conditions that the surgeon can employ
seconds before implantation. This single-step
procedure, in turn, minimizes the chance of infection,
reduces implant surface treatment variability, and
minimizes cytotoxicity concerns inherent with

Figure 4. Scanning Electron Micrograph for
hyaluronate group at the end of 4 weeks showing gap
distance of bone along the implant surface (SEM X
500).
B: Bone
I : Implant

Figure 5.Scanning Electron Micrograph for control
group at the end of 8 weeks showing gap distance of
bone along the implant surface (SEM X 500).
B: Bone
I : Implant

Figure 6. Scanning Electron Micrograph for
hyaluronate group at the end of 8 weeks showing gap
distance of bone along the implant surface (SEM X
500).
B: Bone
I : Implant
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covalent immobilization schemes, while maintaining
the surgeon’s dexterity. (18,19)
The animal model chosen to demonstrate this
provides ideal conditions for the investigation of
bone regeneration and implant osseointegration.(5)
During the study, the use of standardized surgical
procedures and randomized implant placement
ensured the greatest possible comparability between
the experimental groups.
No difficulties were experienced during the use
of the tested implants. All animals survived the
surgical procedure and each of the postoperative
examinations. During the healing period, no signs of
inflammation or negative side effects with regard to
the local tissue compatibility were detected.
Concerning the gap distance; the Scanning
electron microscopic measurements revealed that the
gap distance was greater in the control group
compared to hyaluronate group at both observation
periods. Student’s t test revealed that the difference
between these two groups was not statistically
significant at 4 weeks (p=0.1265), but was very
statistically significant at 8 weeks (p= 0.0079), (Table
1, Fig. 1).
Based on our findings, hyaluronate coated
implants have recorded the least values of gap
distance as compared to uncoated implants at both
observation periods which was very statistically
significant at 8 weeks post operative.Thus
biofunctionalization of the implant surface with
hyaluronate significantly improve bone to implant
contact and osseointegration.
Different mechanisms have been proposed to
explain the effect of hyaluronate in accelerating
wound healing, osteogenesis, and promoting bone to
implant contact.
Firstly, hyaluronate is highly hydrophilic.(29)
so by coating the implant with hyaluronate, titanium
surface is protected and its surface free energy is
maintained thus implant surface coated by this
biomaterial will attract blood and bone growth factors
more rapidly than a standard uncoated implant (30)
Secondly, It has been proposed that hyaluronate
accelerate wound healing in the bone matrix due to
stimulation of angiogenesis (31) Thus, hyaluronate
coating may encourage new blood vessel growth
around the implant, expediting the healing process.
Thirdly, hyaluronate has osteoinductive
potential and can induce osteogenesis on the surface
of coated implant, as evidenced in a laboratory
experiment, that concluded that human osteoblast
cells respond more readily to hyaluronate coated
surfaces and suggests that, hyaluronate coated surface
is better able to retain osteoblast cells compared to
standered un coated surface.(30) Other studies have
supported the osteogenic properties of hyaluronate

when tested in vitro with bone cells, both through the
intramembranous and the endochondral paths of
osteogenesis,with the assumption that this
biomaterial provide differentiation of stem or
progenitor cells before attaching to a surface. (17,32)
Moreover it has been found that hyaluronate shares
bone induction characteristics with osteogenic
substances such as bone morphogenetic protein-2 and
osteopontin.(14)
Finally, it has been reported that, hyaluronate
plays an important anti-inflammatory role through
modulation of inflammatory cells, interaction with
the proteoglycans of the extracellular matrix and
scavenging of free radicals.(15,16) Thus inhibits
tissue destruction and facilitates healing. (13)
Recreating the biological function of ECM
using hyaluronate coating may therefore be a
powerful biomaterial strategy to enhance bone to
implant contact and osseointegration owing to its
hydrophilic, angiogenic, osteoinductive, and antiinflammatory potentials.
Conclusion
Biofunctionalized dental implant surface
containing hyaluronate enhanced bone-to-implant
contact and osseointegration around implants
compared to standard uncoated implant surface.
References
1. Brunette DM, Tengvall P, Textor M, Thomsen P.
Titanium in medicine: material science, surface
science, engineering, biological responses, and
medical applications (eds) (2001). Berlin, Germany:
Springer.
2. Ahmed M, Omar O, Wei X, Palmquist A. Dental
Implant Surfaces – Physicochemical Properties,
Biological Performance, and Trend. Implant
Dentistry - A Rapidly Evolving Practice 2011; 29
3. Cochran DL, Schenk, RK, Lussi, AHigginbottom, FL,
Buser D. Bone response to unloaded and loaded
titanium implants with a sandblasted and acid-etched
surface: Ahistomorphometric study in the canine
mandible. Journal of Biomedical Materials Research
1998; 40: 1–11.
4. Palmquist A. Biomechanical, histological, and
ultrastructural analyses of laser micro- and nanostructured titanium alloy implants: A study in rabbit.
J BiomedMater Res 2010; 92:1476-1486.
5. Novaes AB,Souz AD, Barro RM, Pereira KY,Iezzi
GA. Influence of Implant Surfaces on
Osseointegration.Braz Dent J 2010; 21(6): 471-481
6. Shekaran A, Andrés J, García1 J. Extracellular
matrix-mimetic adhesive biomaterials for bone
repair. J Biomed Mater Res A 2011 ; 96(1): 261–
272.

191

Journal of American Science 2013;9(11)

http://www.jofamericanscience.org

7. Caplan AI. Tissue engineering designs for the future:
new logics, old molecules. Tissue Eng. 2000; 6: 112
8. Chen WY, Abatangelo G. Functions of hyaluronan in
wound repair. Wound Repair Regen 1999; 7: 79-86
9. Knudson CB, Knudson W. Hyaluronan-binding
proteins in development, tissue homeostasis, and
disease.FASEB J. 1993; 7:1233-1239
10. Weigel PH, Fuller GM, LeBoeuf R.D. A model for
the role of hyaluronic acid and fibrin in the early
events during the inflammatory response and wound
healing.J TheorBiol 1986; 119: 219-230
11. Benedetti L, Cortivo R, Berti A, Pea F, Mazzo M,
Moras M, Abatangelo G. Biocompatibility and
biodegradation of different hyaluronan derivatives
(HYAFF) implanted in rats. Biomaterials 1993; 14:
1154-1160
12. Ballini A, Cantore S, Capodiferro S, Grassi FR.
Esterified Hyaluronic Acid and Autologous Bone in
the Surgical Correction of the Infra-Bone Defects
Int. J. Med. Sci 2009; 7: 6-18
13. Moseley R, Waddington RJ, Embery G. Hyaluronan
and its potential role in periodontal healing. Dent
Update 2002; 29:144-148.
14.Mendes RM, Silva GA, Lima MF, Calliari MV,
Almeida AP, Alves JB. Sodium hyaluronate
accelerates the healing process in tooth sockets of
rats. Arch Oral Biol 2008; 53:1155-62.
15. Laurent TC. The Chemistry, Biology, and Medical
Applications of Hyaluronan and Its Derivatives.
London: Portland Press, 1998
16. Kuo JW. Practical Aspects of Hyaluronan Based
Medical Products, 1 edition. CRC Press LLC. 2005
17. Solchaga LA, Temenoff JS, Gao J, Mikos AG,
Caplan AI, Goldberg VM. Repair of osteochondral
defects with hyaluronan- and polyester-based
scaffolds. Osteoarthritis Cartilage2005; 13: 297-309
18. Hilbig H, Kirsten M, Rupietta K, Graf H,
Thalhammer S, Strasser S. Implant surface coatings
with bone sialoprotein, collagen, and fibronectin and
their effects on cells derived from human maxillar
bone. Eur J Med Res 2002; 12: 6-12
19. Petrie T, Catherine D, Reyes L, Kellie B, García AJ.
Simple application of fibronectin-mimetic coating
enhances osseointegration of titanium implants. J
Cell Mol Med 2009 ; 13(8B): 2602–2612
20. Albrektsson T, Branemark PI, Hansson HA,
Lindstrom J.Osseointegrated titanium implants.
Requirements for ensuring a long-lasting, direct
bone-to-implant anchorage in manActa Orthop
Scand. 1981; 52 (2): 155–170
21. Guéhennec L, Soueidan A, Layrolle P, Amouriq
Y:Surface treatments of titanium dental implants for

rapid osseointegration.Dental Materials 2007;
23(7):844–854
22. Buser D, Broggini N, Wieland M, Schenk RK,
Denzer AJ, Cochran DL.Enhanced bone apposition
to a chemically modified SLA titanium surfaceJ
Dent Res 2004; 83: 529–533
23. Novaes A, Souza S, de Oliveira P, Souza A.
Histomorphometric analysis of the bone-implant
contact obtained with 4 different implant surface
treatments placed side by side in the dog mandible.
Int J Oral Maxillofac Implants. 2002; 17: 377–38
24. Taba Junior M, Novaes Junior A, Souza SL,Grisi
MF,.Palioto DB, Pardini LC. Radiographic
evaluation of dental implants with different surface
treatments: an experimental study in dogs. Implant
Dent 2003; 12: 252–258
25. Papalexiou V, Novaes AB, Grisi, MF, Souza SS.
Taba Jr, Kajiwara JK. Influence of implant
microstructure on the dynamics of bone healing
around immediate implants placed into periodontally
infected sites. A confocal laser scanning
microscopic study. Clin Oral Implants Res2004; 15:
44–53
26. Sul YT, Johansson C, Wennerberg A, Cho LR,
Chang BS, Albrektsson T. Optimum surface
properties of oxidized implants for reinforcement of
osseointegration: surface chemistry, oxide thickness,
porosity, roughness, and crystal structure. Int J Oral
Maxillofac Implants 2005; 20: 349–359
27. Bigerelle M, Anselme K, Noel B, Ruderman P,
Hardouin A. Improvement in the morphology of Tibased surfaces: a new process to increase in vitro
human osteoblast response. Biomaterials 2002; 23:
1563–1577
28.
Esposito
M
P,
Coulthard
P,Thomsen
HV,Worthington. Interventions for replacing
missing teeth: different types of dental implants
Cochrane Database Syst Rev 2005; 25: 3815-3822
29. Nakamura M, Hikida M, Nakano T, Ito S, Hamano
T, Kinoshita S. Characterizationof water retentive
properties of hyaluronan: Cornea 1993;12:433–436.
30. Gregory M. Mercuri, Victoria, MN ; James G. Hall,
Woodbury,MN. Coating Of Implants With
Hyaluronic Acid Solution. Patent Application
Publication 2008;27
31.West DC, Kumar S. Hyaluronan and angiogenesis.
The biology of hyaluronan:Ciba foundation
Symposium, Chichester, Wiley 1989;143:187–207.
32. Pilloni A, Bernard GW. The effect of hyaluronan on
mouse intramembranous osteogenesis in vitro. Cell
Tissue Res. 1998 Nov; 294(2):323-33.

10/7/2013

192

