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Abstract. Laminin-1 has been reported as one of the factors responsible for the
nucleation of calcium phosphates and, in vitro, has been reported to selectively
recruit osteoprogenitors. This article focused on its in vivo effects, and evaluated the
effect of laminin-1 local application on osseointegration. Polished cylindrical
hydroxyapatite implants were coated with laminin-1 (test) and the bone responses in
the rabbit tibiae after 2 and 4 weeks were evaluated and compared to the non-coated
implants (control). Before the samples were processed for histological sectioning,
they were three-dimensionally analysed with micro computed tomography (mCT).
Both evaluation methods were analysed with regards to bone area around the implant
and bone to implant contact. From the histologic observation, new bone formation
around the laminin-1 coated implant at 2 weeks seemed to have increased the amount
of supporting bone around the implant, however, at 4 weeks, the two groups presented
no notable differences. The two-dimensional and three-dimensional morphometric
evaluation revealed that both histologic and three-dimensional analysis showed some
tendency in favour of the test group implants, however there was no statistical
significance between the test and control group results.
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Osseointegration is defined as the intimate
contact between biomaterials to bone,1

nowadays, most commonly between tita-
nium, zirconia or other biocompatible
materials.2–5 The concept has been applied
to dental implants, hip prostheses, external
hearing aids, and many others where a
stable and functional restoration is
required. In recent years, attempts to
enhance the bioactivity of the materials
have opened the door to further improve-
ments of the osseointegration cascade.

The term ‘bioactive’ can be defined as a
material that interacts and stimulates pro-
tein and growth factors involved in the
tissue healing process.6,7 This is especially
true during the initial stages of osseointe-
gration, where the constant interaction and
attachment of different extracellular
matrix proteins to the surface is a necessity
for the subsequent biological events.
These include the formation of fibrin net-
works, platelet and growth factor trapping,
chemotaxis of osteoprogenitors, and the

proliferation and differentiation of specific
cells.8,9 This has been demonstrated with
implant surfaces coated with fibronectin,
one of the most common extra cellular
matrix proteins, the osteogenic cells
responded quickly to its presence and
inducted their migration.8 In addition,
the migrated cells seemed to have high
proliferation and differentiation kinetics.
It is strongly suggested that attracting or
applying these bioactive proteins to the
implant surface may be an effective alter-
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native in achieving enhanced osseointe-
gration.10

Among the numerous varieties of extra-
cellular matrix proteins, laminin is a
unique heterotrimeric glycoprotein found
in the basal lamina that contains the argi-
nine–glycine–aspartic acid (RGD)
sequence.11,12 One of the domain types,
the laminin-1 (a1b1g1), is the predomi-
nant glycoprotein in the basement mem-
brane, which in the authors’ previous
investigation presented increased calcium
phosphate (CaP) precipitation on alkaline
heat treated titanium discs in simulated
body fluid (SBF).13,14 The authors
hypothesized that the application of lami-
nin-1 to implant surfaces could have sig-
nificant effects on the initial stages of
osseointegration, creating a foundation
for further osteogenesis around the implant
relative to uncoated control groups.

Materials and methods

Hydroxyapatite implant preparation and

laminin coating

In order to minimize the effect of surface
roughness in early osseointegration stages
and to minimize the amount of scattering
halation from the mCT analysis, non-
threaded, polished hydroxyapatite
implants (diameter 4.2 mm, length
9.0 mm) were prepared for this study
(Fig. 1a). The hydroxyapatite powder
(Plasma Biotal, UK) was processed by
ball milling. The suspension was freeze
granulated and the granules were cold
isostatically pressed at 200 MPa to pre-
pare powder compacts. A CAD/CAM pro-
cedure was used to transform the powder
compacts to the desired shape of the
implants. When sintered at 1250 8C for
2 h a density above 98% was obtained, and
no other phases than hydroxyapatite were
detected in the X-ray diffraction pattern.
The surface of the sintered implants was
polished using diamond paste. The surface
roughness was characterized by interfe-
rometer (MicroXam; ADE Phase Shift,
Inc., Tucson, AZ) and the mean Sa value
was 0.08 mm.

Based on the authors’ previous stu-
dies,13,14 laminin-1 (Sigma–Aldrich,
L2020, Stockholm, Sweden) was diluted
to a concentration of 100 mg/ml in Dul-
becco’s phosphate buffered saline (DPBS)
without CaCl2 or MgCl2 (GIBCO, Invitro-
gen Corporation, 14190-094, Grand
Island, NY, USA). One hour prior to ani-
mal surgery, half of the ceramic implants
were incubated at room temperature in
48 well plates (Nunclon Surface, Nunc,

Roskilde, Denmark) containing 250 ml per
well of the laminin-1 solution.

Ellipsometry was used to estimate the
amount of adsorbed laminin-1 on optically
smooth titanium surfaces similar to that of
the polished experimental implants. The
descriptive methodology can be found in a
study by Linderback et al.15 In brief,
cleaned SiO2 surfaces were placed in an
evaporation chamber with final pressure
below 1 � 10�8 Torr. Approximately
200 nm of titanium was physical vapour
deposited (PVD), and spontaneously oxi-
dized at room conditions.

Thereafter, the prepared surfaces were
fixed in the ellipsometric cuvette filled
with PBS at room temperature. Angles
D0 and C0 were measured with a Rudolph
Research AutoEL III ellipsometer operat-
ing in a wavelength of 632.8 nm at a 708
angle of incidence. The cuvette was emp-
tied and filled with laminin-1 solution and
new angles D and C were calculated. The
thickness of the adsorbed protein was
estimated to be 26 Å using the Mac-
Crackin algorithm.16

Surgical procedures

14 male lop-eared rabbits (mean body
weight 4.0 kg, n = 7 for each time point)
were used for the study. One test (laminin-
1 coated) implant and one control (non-
coated) implant was inserted into the left
and right tibial metaphysis, respectively,
into a drilled hole with the final drill
diameter of 4.2 mm. In order to stabilize
the non-threaded, smooth implants, the
implants were inserted bicortically and
were covered with a titanium membrane
and were pinned down using bone tacks
(Friadent GmbH, Mannheim, Germany)

(Fig. 1b). The planned animal study was
approved by the Malmö/Lund regional
animal ethics committee (approval num-
ber: M282-09).

Before surgery, the legs were shaved
and disinfected with 70% ethanol and 70%
chlorhexidine. The animals were anesthe-
tized with intramuscular injections of a
mixture of 0.15 ml/kg medetomidine
(1 mg/ml Dormitor; Orion Pharma, Sol-
lentuna, Sweden) and 0.35 ml/kg keta-
mine hydrochloride (50 mg/ml Ketalar;
Pfizer AB, Sollentuna, Sweden). Lido-
caine hydrochloride (Xylocaine; AstraZe-
neca AB, Södertälje, Sweden) was
administrated as the local anaesthetic at
each insertion site at a dose of 1 ml. Post-
operatively, buprenorphine hydrochloride
(0.5 ml Temgesic; Reckitt Benckiser,
Slough, UK) was administered as an
analgesic for 3 days.

After 2 and 4 weeks, the rabbits were
killed with an overdose (60 mg/ml) of
pentobarbitalnatrium (Apoteksbolaget
AB, Stockholm, Sweden). The implants
were removed en bloc and immersed in
4% neutral buffered formaldehyde. After
fixation, the samples remained in 70%
ethanol for the micro computed tomogra-
phy analysis.

Micro computed tomography

The 3 dimensional (3D) bone formation
around the implant was examined using
micro computed tomography (mCT 40,
Scanco Medical, Basserdorf, Germany)
with a slice resolution of 20 mm.
500 mCT slices were imaged at an X-ray
energy level of 55 kVp, and a current of
145 mA. Integration time was 200 ms with
a total scanning time of 45.4 min
(160 mA s). All data were exported in
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Fig. 1. (a) Polished cylindrical implants used for the animal study. (b) Owing to the macro-
geometry of the implant, the implants were bicortically fixated, and thereafter, were covered
using a titanium mesh, where both sides were stabilized with a bone tack.
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