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Abstract

Long-term dental implant success is dependent on biocompatibility and osseointegration between
the bone and the implant. Surface modifications such as laser-induced microgrooving which
increase contact area can enhance osseointegration by establishing and directing a stable
attachment between the implant surface and peri-implant bone. The objective of this study was

to evaluate pre-osteoblast proliferation, morphology, and differentiation on titanium alloy (Ti64)
surfaces—Laser-Lok® (LL), resorbable blast textured (RBT), and machined (M)—compared to
tissue culture plastic (TCP) control. We hypothesized the LL surfaces would facilitate increased
cellular alignment compared to all other groups, and LL and RBT surfaces would demonstrate
enhanced proliferation and differentiation compared to M and TCP surfaces. Surface roughness
was quantified using a surface profilometer, and water contact angle was measured to evaluate

the hydrophilicity of the surfaces. Cellular function was assessed using quantitative viability

and differentiation assays and image analyses, along with qualitative fluorescent (viability and
cytoskeletal) imaging and scanning electron microscopy. No differences in surface roughness were
observed between groups. Water contact angle indicated LL was the least hydrophilic surface, with
RBT and M surfaces exhibiting greater hydrophilicity. Cell proliferation on day 2 was enhanced
on both LL and RBT surfaces compared to M, and all three groups had higher cell numbers on day
2 compared to day 1. Cell orientation was driven by the geometry of the surface modification, as
cells were more highly aligned on LL surfaces compared to TCP (on day 2) and RBT (on day 3).
At day 21, cell proliferation was greater on LL, RBT, and TCP surfaces compared to M, though
no differences in osteogenic differentiation were observed. Collectively, our results highlight the
efficacy of laser microgrooved and resorbable blast textured surface modifications of Ti64 for
enhancing cellular functions, which may facilitate improved osseointegration of dental implants.
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1.

Introduction

Dental implants act as a replacement for the root of a missing tooth. Titanium is one of the
most commonly used materials for dental implants due to its high mechanical strength and
osseointegrative ability [1,2]. The most commonly used titanium alloy for dental implants
is Ti-6Al-4V-ELI (Ti64), which consists of ~90% titanium, ~6% aluminum, ~4% vanadium,
and extra low interstitials (ELI) [3]. Compared to dentures or dental bridges, implants better
preserve the integrity of the teeth and gums and are more cost-effective and more permanent
solutions for void bone volume than dentures or dental bridges [4,5]. It is estimated that
two million dental implants are placed per year worldwide, yet 5% to 11% of these do

not effectively integrate with the surrounding maxillofacial bone [6]. Long-term success

of a dental implant is dependent on implant biocompatibility and osseointegration into the
jawbone, which is defined as a direct structural and functional connection between ordered,
living bone and the surface of a load-carrying implant [7]. This process is necessary for

the implant to serve as a strong foundation for an artificial tooth, which should look and
function like the original tooth [8].

Cell adhesion, proliferation, and osteogenic differentiation are critical cellular activities
which initiate the process of osseointegration and may be predictive of osseointegration
success [9]. Implant surface properties play a critical role in long-term outcomes, and
surface modifications can be used to improve osseointegration by establishing a strong

and stable attachment between the implant surface and the peri-implant bone [10]. The
original dental implants are classified as machined, due to their smooth machined surface
manufactured by turning, milling, or polishing [11,12]. As osteoblasts attach more readily

to rougher Ti surfaces [2,13-17], dental implants with textured surfaces serve as an
attractive alternative to traditionally machined implants which may limit cell attachment

[9]. One method for introducing surface texture consists of exposing the Ti surface to rapid
blasting, under pressure, with resorbable blast media (RBM). The resultant roughness has no
preferred orientation and can be used to improve osseointegration by increasing surface area
[18,19]. Roughened titanium surfaces produced by blasting or etching successfully improved
proliferation and migration of osteoblast-like MG-63 cells compared to machined surfaces
[17].

Laser-Lok, whereby cell-sized, parallel microchannels are laser-machined onto the surface
of dental implants and abutments, facilitated contact guidance and cell alignment and
promoted extracellular matrix growth in vitro [10,21]. These surface manufacturing
techniques are applied to the implant collar, or neck of the dental implant [22]. More
recently, these techniques have also been applied to the abutment, the portion of the dental
implant in greater contact with the soft tissue [10]. A recent study comparing laser-grooved,
alumina-blasted, and polished surfaces reported random cell orientations on blasted and
smooth surfaces [20]. In contrast, laser grooved surfaces demonstrated contact guidance,
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whereby the cells were oriented in the direction of the grooves, which can be advantageous
for cell integration and adhesion purposes [20]. A study using Laser-Lok® (LL) showed
elongated cells across the Laser-Lok surface, indicative of improved cell adhesion [10]. In a
canine model, laser microgrooved surfaces implanted into the lateral metaphysis of the distal
femur led to increased bone ingrowth compared to that in the alumina grit-blasted titanium
alloy and alumina grit-blasted commercially pure titanium [23].

Maintaining crestal bone is another essential component to implant success [24]. Significant
loss of crestal bone over time affects the load-bearing capacity of the implant and may

lead to cosmetic problems and/or implant failure, especially for patients with poor bone
quality [25]. A canine model demonstrated that laser microgrooved surfaces implanted into
the bilateral mandibular premolar and first molar extraction sites had significantly more

soft tissue attachment than machined or resorbable blast textured (RBT) surfaces [26]. This
enhanced soft tissue attachment was associated with decreased apical migration of epithelial
cells to the bone-tissue interface and maintenance of crestal bone [26—29]. Finite element
analysis of stress in the critical crestal area of a dental implant suggested the increased
surface area and more organized micro-textures of a Laser-Lok® collar may encourage bone
integration and reduce crestal bone loss [30]. While previous studies have reported positive
effects of laser microgrooved Ti64 surfaces on cellular behaviors [20,26,31], quantitative in
vitro analyses are limited to date.

In this study, we evaluated the proliferation, morphology, and differentiation of pre-
osteoblasts on laser-microgrooved Laser-Lok®, resorbable blast textured (RBT), and
machined (M) Ti64 surfaces, compared to tissue culture plastic (TCP) controls. Outcome
measures included cell proliferation, viability, morphology and orientation, and osteogenic
differentiation. We hypothesized that LL and RBT surfaces would demonstrate enhanced
proliferation and differentiation compared to M and TCP surfaces, and LL surfaces would
facilitate increased alignment compared to all other groups.

Methods

Materials

Ti-6AL-4 V titanium alloy disks (10-mm diameter) were subjected to laser-microgrooved
Laser-Lok® (LL), resorbable blast textured (RBT), or smooth, machined (M) surface
modifications and were provided by BioHorizons Implant Systems, Inc. The LL
microchannels were created using a proprietary laser ablation technology which produces
repeatable, cell-sized, circumferential, parallel microchannels, along with a nanostructure
to maximize surface area [10,21]. The RBT disks are blasted by RBM containing apatitic
calcium phosphate particles and then cleaned to remove the particles [32]. For both the
Laser-Lok® and RBT groups, samples from two production lots were included. The control
for this study was Thermanox® tissue culture plastic (TCP) coverslips (13-mm diameter,
Electron Microscopy Sciences).
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2.2. Surface profilometry

Surface profilometry was used to visualize the surfaces of representative LL, RBT, M,

and TCP disks. LL, RBT, and M disks were imaged via laser confocal imaging at 150X
(Keyence VK-X1000). Due to its smooth surface, TCP was imaged with white light
interferometry at 10X (Keyence VK-X3000). Surface profilometry was also used to quantify
surface roughness (Sa), the arithmetical mean height over the scanned surface, and line
roughness (Ra), of disk types LL, RBT, and M (7= 5) (Keyence VR-5000). For LL, RBT,
and M disks, surface roughness was evaluated over a 2 x 2 mm section, and line roughness
was measured along a 2-mm line, both on the upper middle half of the disk, to enable
measurement of the microscale, engineered surface features rather than the global (~mm
scale) patterns of the entire surface.

2.3. Water contact angle

Water contact angle measurements were completed for LL, RBT, and M (n7= 5) surfaces
using a CCD video camera (CUE, Camera Power Supply) along with ArcSoft ShowBiz to
capture the images ImageJ (Fiji, NIH) was used to determine the contact angle.

2.4. Short-term cell proliferation and viability

MC3T3-E1 mouse pre-osteoblast cells (Subclone 4, ATCC®) were seeded at a density of
5000 cells per disk on all disk types (LL, RBT, M, and TCP). After incubation for 1

hour, 670 pL of growth medium was added to each well. Growth medium consisted of
alpha minimum essential medium (Gibco) containing 10% fetal bovine serum (Atlanta
Biologicals) and 1% penicillin-streptomycin (Gibco). A Cell Counting Kit-8 (CCK-8,
Sigma-Aldrich) assay was run to observe cell attachment on day 1 and proliferation on days
2 and 3 (n=7-11 per day), according to the manufacturer’s protocol. Briefly, cells were
incubated for 4 h with 90% growth media and 10% CCK-8 solution. The absorbance was
read at 450 and 650 nm and converted to live cell counts using a standard curve. Live/dead
staining with fluorescence microscopy was completed on days 1, 2, and 3 (7= 2 per day) to
determine cell viability qualitatively. Samples were incubated in a phosphate buffered saline
(PBS) containing 2 uM calcein AM and 4 uM ethidium homodimer-I11 solution at 37 °C for
15 min. Imaging was performed with a fluorescence microscope, where live cells appeared
green and dead cells appeared red.

2.5. DAPI/phalloidin staining and analysis

Cell morphology and cytoskeletal (actin) orientation were assessed by DAPI/phalloidin
staining with confocal laser scanning microscopy on days 1, 2, and 3. Samples (7= 2-3

per day) were fixed in 3.5% formaldehyde overnight prior to staining. Phalloidin and DAPI
staining solutions were prepared before use in the staining steps. A 400X stock solution
(equivalent to ~66 uM) was prepared by dissolving a vial of Alexa Fluor 488 Phalloidin (300
units, Invitrogen) in 150 pL dimethyl sulfoxide (DMSO, Sigma-Aldrich). DAPI staining
solution was prepared by aliquoting stock DAPI (Invitrogen D3571) to 5 mg/mL and
freezing at ~20 °C; when time for staining, the necessary number of aliquots were diluted
with 1.5 mL PBS to a desired concentration of 40 pug/mL. The fixative was removed from
the samples, and after lysing cells with 0.5% Triton X-100, blocking non-specific binding
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with 1% bovine serum albumin (Sigma), and rinsing samples with PBS between steps, 700
uL of 165 nM (400X stock diluted 1:400 in PBS) phalloidin stain solution (Fisher Scientific)
was placed in the wells and incubated at room temperature for 20 min (protected from light)
to stain the actin cytoskeleton. Phalloidin stain was then removed, samples were rinsed with
PBS, and DAPI staining solution (Fisher Scientific) was added to the wells and incubated
for 30 min at room temperature (protected from light) to stain the nuclei. Samples were then
observed under a confocal laser scanning microscope (Zeiss LSM 510).

Cytoskeletal angle of alignment was analyzed and quantified using the directionality
analysis tool in Fiji (NIH). Three images from each of two disks (/7= 6 total) were analyzed
to yield values of angular direction and angular dispersion. The direction angle (°) indicated
the mean angle of cytoskeletal alignment on each disk surface, and the dispersion angle (°)
represented the variance in alignment across each surface. To account for any differences

in orientation of the surface textures of disks during imaging, for each disk, the median
direction angle of the three images was adjusted to 0° by subtraction, and the other two
angles were adjusted by subtracting that same median angle, according to the following
equation:

Original angle (°) — Median angle of 3 images (°) = Adjusted angle (°)

2.6. Scanning electron microscopy (SEM)

2.7.

SEM imaging was performed on the samples used for live/dead imaging on days 1, 2, and 3
(n = 2 per day) to further characterize cell morphology and alignment. Following live/dead
staining and imaging, samples were rinsed with PBS and fixed in 2.5% glutaraldehyde.
Samples were then soaked in increasingly concentrated ethanol solutions (20-100%), then
in hexamethyldisilazane (HMDS, Electron Microscopy Sciences) to completely dry the
samples. Finally, samples were sputter coated with 90-nm gold nanoparticles before being
imaged with a Zeiss EVO-50 Variable Pressure SEM.

Long-term proliferation and osteogenic differentiation

Onday O, LL, RBT, M, and TCP disks were seeded with 2500 mouse pre-osteoblast cells
(MC3T3-E1) in 30 pL growth medium in 24-well plates for 2 h and then supplemented
with additional growth medium for another 2 h. Following the initial 4 h of incubation,

the growth media was replaced with differentiation media, except for TCP wells which
were exposed to growth medium throughout the entire experiment (TCP growth). Growth
medium consisted of alpha minimum essential medium (Gibco) containing 10% fetal
bovine serum (Atlanta Biologicals) and 1% penicillin-streptomycin. Differentiation media
comprised growth medium with the addition of 10 nM dexamethasone (Sigma) and 10 mM
B-glycerophosphate (EMD Millipore Corp) [33,34]. Media was changed every other day.

On days 7, 14, and 21, cell proliferation and differentiation were measured (n= 6 per

group per time point), with separate samples used for each time point (i.e., no repeated
measures). First, cell proliferation was measured using a CCK-8 assay (Sigma, 96,992) as
described previously. To measure differentiation, disks were moved to a 48-well plate to
ensure complete coverage of each disk with the solution. 100 L of lysis buffer (0.5% Triton
X-100 prepared in PBS) was added to each well and the cells were incubated for 20 min.
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200 pL of alkaline phosphatase substrate solution (0.072 gs of para-Nitrophenylphosphate
powder in 25 mL of tris buffer (0.197 gs of Trizma powder and 25 mL of water adjusted to a
pH of 10.3)) was added to each well, and the cells were incubated for 1 hour. Lastly, 100 puL
of stop solution (0.2 M NaOH) was added to stop the reaction. The absorbance was read at
405 nm and converted to ALP activity using a standard curve [35].

2.8. Statistical analyses

Surface roughness and water contact angle were analyzed using a one-way analysis of
variance (ANOVA) with Tukey’s post-hoc pairwise comparisons using GraphPad Prism

8 (GraphPad Software, Inc.). Cell proliferation, cytoskeletal directionality, cytoskeletal
dispersion, and cell differentiation data were analyzed by SAS (SAS 9.4) using a mixed
model and repeated measures. An unstructured covariance matrix model was used when
the model converged, and an autoregressive model was used when model did not converge.
Pairwise comparisons were analyzed via Tukey’s corrections. An alpha value of 0.05 was
used for all statistical analyses.

Initially for all cellular analyses, the two LL and RBT lots were analyzed as separate groups
with the rest of the samples in a two-way ANOVA. There was no effect of lot for either
surface treatment, so for all analyses reported here, samples from both LL lots were grouped
together, and samples from both RBT lots were grouped together, resulting in double the
sample size for these two groups. All data are presented as mean + standard deviation.

3. Results

3.1. Surface profilometry

Surface profilometry demonstrated the variations in surface topographies of LL, RBT, M,
and TCP (Fig. 1). The grooves in LL, ~7-8 um deep, are easily visualized, as is the
roughness of RBT. The minimal texture of M compared to LL and RBT is distinguishable.
Of note, LL, RBT, and M topographies are all presented on the same micrometer scale,
whereas the TCP surface profile is shown on a nanometer scale, demonstrating its
expectedly flat and smooth surface. Quantitatively, no differences in surface roughness (Sa,
arithmetical mean height) or line roughness (Ra) were observed (Fig. 2).

3.2. Water contact angle

Water contact angle measurements showed that LL had the highest contact angle (115.1°),
followed by RBT (85.08°); M was the most hydrophilic surface modification with a contact
angle of 68.98° (Fig. 3). All pairwise comparisons were significantly different.

3.3. Short-term cell proliferation and viability

On day 2, cell numbers on both LL and RBT were greater than M, and RBT was greater
than TCP (Fig. 4). Cell number on LL, RBT, and M increased significantly from day 1 to
day 2. The live/dead staining of day 1 gave a visual representation of cell attachment on the
various surface modifications (Fig. 5). The LL surface elicited a more organized attachment
of cells. RBT demonstrated prevalent attachment but showed less organization than LL.
Cells on M disks appeared to attach more readily to the center of the disk, and cells on TCP
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disks were visibly reduced in number compared to the other groups. For all groups, cells that
attached to the surfaces appeared viable, with little to no dead cells observed.

3.4. DAPI/phalloidin staining and analysis

As expected, cell orientation was driven by the geometry of the surface modification.
Similarly, to the live/dead staining, DAPI/phalloidin images demonstrated the cells’
tendency to organize along the grooves of a surface (Fig .6). This preferred orientation

was observed primarily in the LL images as early as day 1. The cells also adhered to and
spread on the surfaces of RBT and TCP, but in a more randomized fashion. Surprisingly,
cells on M disks exhibited a preferred orientation by day 2. Though cytoskeletal direction
on average was similar for all groups, cytoskeletal direction on LL was consistently close
to zero with low variability at all time points (Fig. 7). On day 2, LL had lower cytoskeletal
dispersion compared to TCP, and on day 3, LL had lower cytoskeletal dispersion compared
to RBT.

3.5. Scanning electron microscopy (SEM)

Cells flourished especially on the rougher LL and RBT surfaces, indicated by spreading/
filopodia (Fig. 8). Cells adhered along and within the LL channels. Similarly, cells adhered
to RBT in a 3D/textured fashion, but no preferred orientation was observed.

3.6. Long-term proliferation and osteogenic differentiation

At day 7, no differences in cell proliferation were observed (Fig. 9). As expected, cell
numbers increased for each group from day 7 to day 14, but the only significant increase was
in the RBT group. RBT also displayed higher proliferation at day 21 than on day 14. At day
21, proliferation on M was lower than for all other groups.

ALP activity was negligible at day 7. At day 14 and 21, ALP activity was observed but no
differences were measured between groups.

4. Discussion

As physicochemical properties of a biomaterial surface such as topography and wettability
influence adhesion, proliferation, and differentiation of cells on the surface [9,10,17,36],
surface modifications that enhance these cellular processes would be expected to improve
long-term stability and success of an implant [37]. Collectively, our results indicate the
topographies of Laser-Lok® (LL) and resorbable blast textured (RBT) surfaces promoted
better attachment, proliferation, and differentiation of pre-osteoblasts compared to machined
(M) and tissue culture plastic (TCP) surfaces. Enhancement of these cell functions on rough
implant surfaces compared to smooth surfaces is known to facilitate better osseointegration
[13]. Compared to M and TCP surfaces, improved short-term proliferation on LL and

RBT surfaces was observed, likely due to the increased surface area and promotion of a
three-dimensional cellular network on LL and RBT [19,38]. The LL topography consists of
lasered microchannels with an average line roughness (Ra) of 1.25 um and groove depths
of ~7-8 um, which correspond to the Ra of 1.33 um [10] and grooves 6-12 pum deep [30]
reported previously. The higher proliferation of cells on LL was presumably not influenced
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by surface roughness, as Sa was equivalent between LL, RBT, and M. No surfaces exhibited
cytotoxic effects, as indicated by a lack of dead cells in live/dead staining. Surprisingly,

the water contact angle results indicated LL was the least hydrophilic and M was the most
hydrophilic of the three Ti64 surfaces. The relative hydrophobicity of LL may be due

to the space/ridges between the grooves acting as a barrier to the water, a phenomenon
which has also been observed of butterfly wings with ridges of similar micron-scale [39].
Nonetheless, the superior cell attachment and proliferation on LL is believed to be based on
the guidance of cell spreading by the LL surface topography, which has been shown to direct
cell migration and can lead to contact guidance on the implant surface [40].

To our knowledge, this is the first study quantitatively comparing osteogenic differentiation
on laser microgrooved, resorbable blast textured, and machined Ti64 surfaces. Our results
demonstrate enhanced cell differentiation on LL and RBT surfaces compared to TCP control
(growth media) at day 21. Others have also found that laser microgrooved Ti surfaces
facilitated superior osteogenic differentiation compared to untreated Ti surfaces, as indicated
by increased ALP and calcium production, and RUNX2, OPN, BMP-2, and ALP gene
expression [41]. Further, grooved (600 grit) and rough (sandblasted) surfaces resulted in
increased RUNX2 and osteocalcin gene expression compared to those from cells on TCP
[42]. Throughout the extended (21-day) proliferation study, LL and RBT promoted relatively
high proliferation and differentiation, while both TCP groups (osteogenic and growth
medium) exhibited high proliferation but little differentiation. Interestingly, the osteogenic
medium alone was insufficient to promote high levels of differentiation on TCP at any time
point, suggesting the surface features of LL and RBT may have elicited an enhancing effect
on differentiation. Additionally, cells on M surfaces exhibited low proliferation at days 14
and 21, and minimal differentiation at day 21. The day 7 proliferation was similar among

all groups, indicating the lack of proliferation on M surfaces later was not due to lack of
attachment or early growth, but may instead be a result of the cells reaching confluency
earlier due to a more limited surface area available.

DAPI/phalloidin images indicated more highly aligned cells on LL surfaces. Directionality
data from these images further revealed more consistently aligned cells across the LL
surfaces than any other group, indicated by both directionality close to zero and lower
dispersion. Previously, laser microgrooved surfaces provided contact guidance and promoted
extracellular matrix growth compared to alumina-blasted and polished surfaces [20], which
may explain the reduction in scar tissue formation and fibrous encapsulation on LL surfaces
observed in another study [40]. Results from a unique model in which textured coupons
were loaded within implantable chambers placed in the canine distal femur suggested

laser microgrooved surfaces more effectively controlled the direction of bone ingrowth

and resulted in a stronger bone-implant interface compared to alumina grit-blasted surfaces
[23]. Laser microgrooved implants have also been shown to reduce crestal bone resorption
by preventing epithelial downgrowth and improving soft tissue healing [29]. SEM imaging
further demonstrated morphology of the cells on each surface type. Given more points of
contact on which to adhere, cells on the LL surface were aligned in the LL grooves and
extended filipodia between ridges of the topography. In contrast, the RBT surfaces induced
more randomly oriented cells due to lack of any oriented texture (e.g., grooves). However,
except for higher cell number on LL (versus all groups, including RBT) at day 3, this lack of
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orientation on RBT surfaces did not affect cell proliferation or differentiation, as these were
equivalent between LL and RBT at all other time points. Future work involving elemental
analyses would provide valuable information on the extent and distribution of mineralization
by differentiating cells.

5. Conclusion

Physical modifications of an implant surface can establish and direct a stable attachment
between the implant surface and the peri-implant bone and subsequently facilitate
osseointegration. In this study, proliferation of pre-osteoblasts on LL and RBT surfaces
was greater compared to traditional M and TCP surfaces. Cells on LL surfaces also
exhibited increased alignment, driven by the geometry of the surface modification. While
no differences in surface roughness were found, LL and RBT surfaces were surprisingly
less hydrophilic than traditional M surfaces, suggesting the improved cellular proliferation
is due to other qualities of the surface modification. Collectively, laser microgrooved

and resorbable blast textured surface modifications on dental implants enhanced cellular
proliferation and alignment, which may promote implant osseointegration and ultimately
long-term success of dental implants.
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Fig. 1.
Surface profilometry scans of Laser-Lok (LL), resorbable blast textured (RBT), machined

(M), and tissue culture plastic (TCP) surfaces. Note: different scale bar for TCP enables
visualization of smaller scale features.
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Fig. 2.
Surface profilometry quantification of surface (area) roughness (Sa, within black box) and

line roughness (Ra, along red line inside black box) of Laser-Lok (LL), resorbable blast
textured (RBT), and machined (M) surfaces (/7= 5). There were no significant differences
(a.=0.05) between groups.
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Fig. 3.
Water contact angle measurements for LL, RBT, and M (n=5). Representative images from
each group shown. (*) indicates significant difference (p<0.05).
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Fig. 4.
Cell number for pre-osteoblasts on LL (7= 10), RBT (7= 10), M (n=5), and TCP (n=5) at

days 1, 2, and 3. (*) indicates significant difference between groups within a time point, (a)
indicates significant difference to day 1 within that group (p<0.05). 5000 cells were seeded
at day 0.
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Fig. 5.
Live/dead staining of pre-osteoblasts on representative samples at day 1. (green = live cells,
red = dead cells).
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Fig. 6.

DAPI/phalloidin staining with confocal imaging of pre-osteoblasts on a representative
sample from each group on days 1, 2, and 3. (blue = nuclei, green = actin cytoskeleton)
(scale bar = 20 pm).
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(A) Cytoskeletal directionality from DAPI/phalloidin images. There were no significant
differences (a=0.05) between groups. (B) Cytoskeletal dispersion from DAPI/phalloidin
images. (*) indicates significant difference between groups within a time point (p<0.05). (n
=6 for M and TCP, n=12 for LL and RBT).
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Fig. 8.
Scanning electron microscopy of pre-osteoblasts on representative Laser-Lok (LL),

resorbable blast textured (RBT), and machined (M) samples at days 2 and 3 (2000X, scale
bar = 2 um). Arrows indicate cells.
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Fig. 9.

(A?) Cell number for pre-osteoblasts at days 7, 14, and 21. (*) indicates significant difference
to all other groups within the time point, (a) indicates significant difference to day 7 within
that group (p<0.05). (B) Alkaline phosphatase (ALP) activity at days 7, 14, and 21 (note: log
scale). There were no significant differences (a=0.05) between groups. Sample sizes: day 7
(n=6-14), day 14 (n=5-14), day 21 (n= 6-14).
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