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Various kinds of controlled microtopographies can promote osteogenic differentiation of mesenchymal stem cells (MSCs), such as
microgrooves, micropillars, and micropits. However, the optimal shape, size, and mechanism remain unclear. In this review, we
summarize the relationship between the parameters of different microtopographies and the behavior of MSCs. Then, we try to
reveal the potential mechanism between them. The results showed that the microgrooves with a width of 4-60 ym and ridge width
<10 ym, micropillars with parameters less than 10um, and square micropits had the full potential to promote osteogenic
differentiation of MSCs, while the micromorphology of the same size could induce larger focal adhesions (FAs), well-organized
cytoskeleton, and superior cell areas. Therefore, such events are possibly mediated by microtopography-induced

mechanotransduction pathways.

1. Introduction

Surface topography have effects on cellular responses in-
cluding contact guidance and influence on cellular func-
tions, which have been proven for several years [1, 2].
Recently, due to the advances in microfabrication tech-
nologies and the tremendous flexibility in shape and size of
topographical features [3], the study interest in exploring
microtopographical cues for inducing bone regeneration has
substantially accelerated. Generally, microtopographies can
be designed to affect the relevant cells by mimicking the
native extracellular matrix (ECM) of them. While micro-
topography at scale above 100 ym mainly influence cells at
colony level, microscale between 0.1 and 100 ym affects cells
at the single level [4].

Dental implantation in partial or totally edentulous
patients is a predictable treatment with high rates of long-
term success [5]. However, early osseointegration is still
considered a challenge in areas with the most trabeculated
bone (bone type IV) together with lower-density and thinner
cortical bone, which is generally considered less suitable for
supporting dental implants [6]. Mesenchymal stem cells

(MSCs) are among the earliest cells to colonize on the
implant surface after placement, which are the precursors to
bone forming osteoblasts [7, 8]. In recent years, implant
surface with microscale designs such as microgrooves
[9-11], micropillars [12, 13], and micropits [14, 15] have
been created to induce the osteogenic differentiation be-
havior of MSCs and improve the osseointegration, allowing
immediate or early functional loading in patients with re-
duced bone density. Therefore, inducing the differentiation
of MSCs towards the osteoblast lineage by providing
microtopographical cues may assist more rapid and stable
osseointegration. Although micropatterns can enhance os-
teogenic differentiation of MSCs, there is no consensus on
the optimal scale and the mechanism is still unknown.

In this review, we have the unique intention of sum-
marizing the presently available experimental evidence to
investigate the relation between microtopographic param-
eters and MSC differentiation. Then, we attempt to identify
the potential mechanism with regard to how micro-
topographies affect manual osteogenic differentiation of
MSCs in vitro. We hope these will provide reference for
future implant surface topography design.
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2. Microfabrication Technologies

With microfabrication technology, it is possible to operate
on microtopographies for controlling or inducing stem cell
differentiation. Currently, technologies for fabrication of
microtopographies include direct fabrication methods, in-
volving photolithography [16] and laser photoablation [17];
and indirect (prototyping) techniques, such as hot
embossing [18] and soft lithography [19]. Table 1 presents
the advantages and disadvantages of these technologies.

2.1. Laser Photoablation. Femtosecond laser micro-
machining (Figure 1(a)) has been efficiently carried out to
supply micropatterns in titanium and zirconia [15, 20, 21].
The laser pulses travelled through air to the focusing device,
which can focus the beam and position the sample. Samples
were located on a motorised platform with three-axis mo-
tion, in order that pulses can impinge perpendicularly onto
their surfaces [22, 23].

2.2. Photolithography. Micropatterns in titanium and silicon
have been generated by photolithography [16, 24], pro-
ducing the patterning of a layer of photosensitive polymer
(photoresist) by utilizing UV (Figure 1(b)) or X-ray light
(Figure 1(c)). The light is shone through a “mask” containing
the designed pattern in the form of UV-opaque features on a
UV-transparent background [25]. Then, the pattern can be
transferred to the substrate by the next dry (e.g., ICP-based
dry etching) or wet etching (e.g., hydrofluoric acid)[26, 27].

2.3. Hot Embossing. Hot embossing (Figure 2(a)) has been
used to produce polystyrene microgroove surfaces [29]. In
hot embossing imprint lithography, a micromachined
master (typically of silicon) is pressed right into a ther-
moplastic fabric at an elevated temperature and it forms
relief patterns in the polymer. The major advantages of this
technology include its low cost and the ability to generate 3D
features, which are very difficult to produce in silicon for
other technologies [18].

2.4. Soft Lithography. Microgrooves, micropits, and
micropillars have been, respectively, produced by soft li-
thography (Figure 2(b)) on a polymer [12, 14, 30]. Soft li-
thography is an ensemble of techniques that collectively
employ elastomeric polymers, which are primarily based on
polydimethylsiloxane (PDMS)—within the form of a mold,
stamp, or mask because of the critical element of a pattern-
forming method [31].

3. Physical Properties of Micropatterns

Surface roughness and wettability are two important
physical properties of micropatterns, which may contribute
to osteogenic differentiation of MSCs. Surface roughness
altered the adhesion state and geometric shape of cells
[32, 33]. The cytoskeleton of MSCs showed higher tension
on the rougher surface by sensing the roughness gradient,
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which was further transferred to the nucleus and finally
affected the expression of osteogenic markers of stem cells.
Meanwhile, it is founded that MSCs on the surface with
moderate wettability presented a higher level of gene ex-
pression of integrin than those on the more hydrophobic
surfaces [34]. It is well known that integrin receptors me-
diate cell-matrix interactions and play a central role in cell
adhesion, spreading, migration, proliferation, and osteo-
genic differentiation [35, 36]. Therefore, surface wettability
can influence osteogenic differentiation of MSCs via
integrin.

3.1. Microgroove. The microgrooves are composed of
grooves and ridges, arranged in a line (Figure 3). Because
they can be relatively easily fabricated with various micro-
fabrication techniques, such as photolithography [37], laser
photoablation [38], and so on, they have been extensively
investigated for their effects on cell behavior. The influence
of the microgroove on the surface wettability has been re-
ported, which exhibited the lower contact angles compared
to the untreated ones [20]. On the contrary, the textured
surfaces of zirconia showed higher contact angles [39]. This
difference may be due to the different material substrates
used.

3.2. Micropillar. Micropillar is one-dimensional shape
perpendicular to the substrate surface (Figure 4), which is
also usually followed to observe interaction between cell and
material. On polymer and SiO, films, micropillars of dif-
ferent heights, side lengths, and gap sizes can be fabricated
by soft lithography and sol-gel methods [12, 40]. The contact
angle increased appreciably within the presence of the
patterned features, with the pillar array surface supplying a
hydrophilic behavior while the line array thin film presented
relatively high hydrophobicity values [40].

3.3. Micropit. These micropit substrates comprise arrays of
square or round shapes (Figure 5). Side length (diameter)
and depth are the two main parameters of micropits. At
present, soft etching and femtosecond laser can be used to
fabricate micropits of different scales in polymers [14] and
zirconia [15], respectively. However, the physical properties
of the micropit surface, such as hydrophilicity need to be
further studied.

4. Regulation of Micropatterns on Cell Adhesion
and Morphology

Micropatterns provide a wide opportunity for the fabrica-
tion of surface with defined shape, size, and spatial ar-
rangement. This permits researchers to explore the
interactions between micropatterns and MSCs, including
cellular adhesion, morphology, and osteogenic differentia-
tion. Investigation of these interactions may additionally
display capability molecular mechanisms concerned in
MSCs alterations in osteogenic differentiation to
micropatterns.
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TaBLE 1: The summary of microfabrication techniques.

Methods Microtopography Advantages Disadvantages
Photolithography Microgroove Ideal for microstructure Usually reduires a flat surface to start with

and chemical post-treatment needed
Laser . Microgroove and micropit Wide applicability, high resolution, rapid, Multiple treatment sessions and limited
photoablation repeatable, and contactless process

Hot embossing Microgroove

Microgroove, micropit,
and micropillar

Soft lithography

Cost-effective, precise, rapid, and mass

Cost-effective and able to fabricate 3D
geometries high resolution

Restricted to thermoplastics and difficult to
fabricate complex 3D structures
Pattern deformation and vulnerable to
defect materials
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Figure 1: Illustrations of the direct fabrication techniques:
Images (a)-(c) were reprinted from [28].
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FiGure 2: Illustrations of the prototyping techniques: (a) hot embossing and (b) soft lithography. Images (a-b) were reprinted from [28].



Journal of Healthcare Engineering

F1GURE 3: Structure of the microgroove substrate.
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FiGURE 4: Structure of the micropillar substrate.

D s/Di

FIGURE 5: Structure of the micropit substrate.

4.1.  Microgroove. For microgrooved topographies, it
allowed cellular attachment after 24 hours and the cell
morphology was dependent on the topographical cue
[21, 29]. The cells were aligned in the path parallel to the
grooves with cytoskeleton clearly elongating. While on the
unpatterned surface, cells were orientated randomly and
presented a spread phenotype with distinct cytoplasmic
processes. Additionally, it reported that the focal adhesions
(FAs) were less, smaller, and oriented in several directions
on the untreated samples. On the contrary, cells adhesion to
the microtopography was much stronger and oriented
according to the microfeatures, displaying very mature FAs.
Further research also found that [10] microgrooves with
various widths prompted differential expression of diverse
genes including cellular adhesion, migration, and cyto-
skeletal reorganization. Considering that the topographical
feature could modulate cell adhesion signaling and cyto-
skeletal organization, four essential FA-related protein ex-
pression were investigated involved in integrin 1, integrin
a5, vinculin, and talin [9]. The outcomes indicated that the

expression of integrin 1 and a5 is substantially upregulated
on the microgroove surface compared with the flat one.

4.2. Micropillar. It was reported earlier that micropillars
could enhance cell attachment [12, 41], which may be due to
a larger contact area and maturation of FAs assisted by space
patterns.

The research of MSCs cultured on micropillars with
different heights has found that feature height influences FA
size and density [42]. After 24-hour attachment, mature FAs
were observed on the height of 0.8 ym micropillar and flat
one. When the micropillar height increases to 4.6 um or
larger, FAs were densely distributed around the micropillars.
Recently, it reported that a substantially higher number of
MSCs attached on the modified surfaces in comparison with
the flat one presented a positive regulation of micropillars on
cell attachment [12]. While the number of attached cells was
also found to be affected by pillar side length (P) and
interpillar gap size (G). Compared with other sizes, cell
attachment was better on P4G4. Given that the edges of
pillar tops had been proven to be the place where focal
contacts were primarily targeting [43], cell attachment better
on P4G4 become possibly the consequence of the highest
number of pillars per unit area that cells can interact. As for
cellular morphology, they were squeezed and conformed
cytoplasm to the interpillar spaces, which constrains their
typical spread morphology attachment on the flat control
(12, 40].
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4.3. Micropit/Microwell. In order to evaluate the effect of
micropits surfaces on FA enhancement, the immunostaining
was performed at day 2, which indicated that the FAs were
matured inside the pits and distributed around the pe-
ripheral of the cells [14]. While the matured FA areas were
significantly larger on the micropit surfaces than that on the
control surface. The cell shape of MSCs cultured on
micropits of different depths and diameters has shown that
cell morphology varied relying on the pattern type. Stanciuc
et al. [15]. indicated that when the diameter was 30 um,
higher depth contributed to higher proportion of polygonal
cells and larger cell area. If cells cultured on areas with
smaller dimensions, especially on the regions with the di-
ameter of 10 ym and depth of 3 or 10 ym, it had a more
elongated cell morphology. Talking about the cell position,
MSCs were preferentially distributed inside the microwells,
especially at the early culture stage when the cell confluence
was at a low level [44]. Although the mechanism of this
difference still needs to figure out, it may be due to the
various spatial situation of physical and biochemical signals
inside and outside the micropits.

The abovementioned results indicated that micro-
patterns could influence MSCs adhesion by mediating FA
size, density, and altering integrin expression. Micropatterns
with appropriate size and space arrangement may offer the
essential physical cues that cell receptors require to regulate
cell morphology, reorganize the cytoskeleton, and transmit
mechanical signals towards the nucleus, which may ulti-
mately contribute to alterations in stem cell differentiation.

5. Regulation of Micropatterns on
Osteogenic Differentiation

In vivo, surface roughness of the dental implant is essential
for the integration in tissue regeneration or tissue engi-
neering [45, 46]. Also, some studies have confirmed it was
able to have an effect on the expression of osteogenic
markers of stem cells [47, 48]. However, the surface
roughness is difficult to be characterized. Instead, the sub-
strates with ordered surface topographies are relatively
simple to characterize while increasing roughness, such as
microgroove, micropillar, and micropit.

As mentioned in the previous segment, the ordered
surface topographies could induce large FAs, an organized
cytoskeleton, and a well-spread morphology of MSCs.
According to the report, large spreading and increased
contractility of MSCs prefer osteogenic differentiation, while
small cell spreading and low contractility prefer adipogenic
differentiation [49]. 'Therefore, the specific micro-
topographies feature could induce the osteogenic differen-
tiation of MSCs as well as regulate the cell adhesion and
morphology.

5.1. Microgroove. The groove and ridge width are two im-
portant parameters to regulate cell osteogenic differentia-
tion, and the experimental details of several research studies
are presented in Table 2.

The groove width of 4uym and ridge width of 2um
tended to promote osteogenic differentiation when the Ad-
MSCs (adipose-derived mesenchymal stem cells) were
seeded on the substrate [11]. Then, it was reported that a
specific microgroove with a groove width of 7 ym and ridge
width of 3 um can most effectively induce osteogenic dif-
ferentiation of mMSCs (mouse bone marrow-derived
mesenchymal stem cells) [9]. At the same time, the surface
feature showed the highest level of protein expression of
integrin, which is an important component of FAs. This
indicated that there is a connection between cell adhesion
and osteogenic differentiation of MSCs. Abagnale et al.[50]
systematically varied the width of grooves and ridges,
ranging from 2 to 15um. Notably, there was a gradual re-
duction of osteogenic differentiation with increasing ridge
width. On the 15 ym ridges hMSCs (human bone marrow-
derived mesenchymal stem cells) revealed consistently
higher adipogenic differentiation rather than osteogenic
differentiation. When the groove width is increased to be 30
or 60 ym, the researcher found it could also significantly
enhance the osteogenic differentiation of hMSCs [10], while
the groove width of 60 um would show a peak in the dif-
ference of osteogenic differentiation (signaled by extracel-
lular calcium deposition) on day 21 [51]. When the groove
width achieves>100 ym, the ALP activity level of hMSCs was
increased slightly on day 7, but no statistical difference
became determined on day 14 [52]. These results reveal that
the micropattern with groove width of about 4-60 ym and
ridge width of <10um is probably suitable for osteogenic
differentiation of MSCs.

5.2. Micropillar. It is an effective way to apply micropillar
with fine-tuned dimensions to enhance osteogenic perfor-
mance in vitro and in vivo, which can imitate 3D charac-
teristics of the bone microstructure on material surfaces.
Table 3 shows the main results of some studies.

The effect of different heights of micropillar on MSCs
osteogenic differentiation in vivo has been revealed. It in-
dicated that on the 5 um-high pillar, rMSCs(rat bone
marrow-derived mesenchymal stem cells) still have the
ability of osteogenic differentiation although their nuclei
were severely deformed [53]. In order to further explore the
impact of micropillar height on the osteogenic performance
of MSCs, several studies reported that the micropillar height
of 3 ym or 6.4 ym promoted osteogenic differentiation, while
the lower height of 0.8 ym enhanced adipogenic perfor-
mance [40, 42]. Konttinen [54] found that square micro-
pillar with the height of 5 ym might be better for osteogenic
differentiation of MSCs in comparison to the height of
0.2 ym or 20 ym. In addition to the height, the side length of
the square micropillar (P) and the interpillar gap(G) are also
crucial factors for cell osteogenic differentiation. Using
photolithography, three types of square micropillar were
created with the height of 8 um. The results indicated that
hydrophobic micropillar, which is with lateral dimensions of
4 ym (P4G4) and 8 ym (P8GS8), respectively, induced min-
eralization in bone nodule-like cell aggregates and the ex-
pression of early osteogenic genes without any
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TaBLE 2: Summary of MSC differentiation regulated by microgroove.

Material Groove  Ridge width — Depth Cell type Main results
(ym) (ym) (ym)
PDMS 0.65-6 0.35-7 01-2 Ad- Groove width of 4 ym an.d rldge? Wldth of 2 um promotes osteogenic
MSCs differentiation greatly
Ti 7220 3-20 ) mMSCs Groove width of 7 ym and ridge width of 3 pm can most .effectwely align
the cells and promote osteogenic differentiation
. Groove width of 10 ym and ridge width of 10 ym can promote osteogenic
Polyimide 215 215 > hMSCs differentiation whereas 15 ym ridges supports adipogenic differentiation
Ti 30 and 60 — 10 hMSCs Groove width of 30 or 60 ym enhances osteogenic differentiation
Ti 60 o 10 and 20 hMSCs Groove width of §O um and depth (.)f 19 pm all.ovx.rs for the highest levels of
adhesion and osteogenic differentiation on day 21
PCL >0, 120(36 and — 25 ?g,oand hMSCs Groove width >100 um slightly increases the ALP activity level of MSCs.

PDMS, polydimethylsiloxane; Ti, titanium; PCL, polycaprolactone.

TaBLE 3: Summary of MSC differentiation regulated by micropillar.

Side length  Gap Cell

Material Height (ym) (um) size type Main results
PLGA 02,1, and 5 3.6 6 'MSCs rMSCs are able to enhance osteogenic dlfferenFlatlon, despite the nuclei of
cells are severely deformed on micropillars of 5 ym height
Si02 3 5 10 hMSCs The height of 3 ym of mlcrotopggrapth fgatures could promote osteogenic
differentiation
0.8,3.2,4.6,5.3, . Cg -
PLGA and 6.4 3 — rMSCs The height of 4.6 or 6.4 ym promotes osteogenic differentiation.
Hybrid . Lo -
polymer 0.2, 5, and 20 100 100 hMSCs Lower pillar promotes osteogenic differentiation
PMMA 8 48,16 4816 DPSCs Micropillar arrays with lateral dimensions of 4 um (P4G4) and 8 um

(P8G8) induce the expression of early osteogenic genes

PLGA, poly(d,l-lactide-co-glycolide); PMMA, poly(methyl methacrylate); DPSCs, human dental pulp stem cells.

differentiation supplements in the growth media [12]. It can
be worth noting that the micropillar structure may be more
conducive to osteogenic differentiation, when the three
parameters are within 10 ym.

5.3. Micropit. The micropit structures have certified their
importance in modulating the behavior of pluripotent stem
cells. For example, they have been proved to induce the
growth of stem cells and can promote them to generate
homogeneous cell colonies, which are with defined shapes
and sizes. However, there is confined information at the
effect of micropit geometry on the osteogenic differentiation
of MSCs.

The micropits were created in two different shapes:
square and round [55]. They were produced by soft li-
thography, with different lengths or diameters and an
identical depth of 10um. It was found that the square
micropits surface with 50 ym side length induces the pro-
liferation and osteogenic performance of MSCs compared to
the round-shaped micropits substrate with 50 ym diameter.
Seo et al. [14] also used soft lithography to produce micropits
with 3uym side length, 2uym or 4um depth on PDMS.
Compared to the control flat surfaces, the activity of ALP
was significantly higher on the micropit surfaces at day 7 and
the intensity of OCN protein followed similar trends with
ALP. However, pits with 30 yum diameter and 10 ym deep
might induce MSCs commitment towards the osteoblastic

phenotype in contrast to unpatterned or feature surface with
smaller size, such as 10 and 20 ym diameter [15]. These
mentioned studies discovered that the square-shaped
micropit with large side length may be better for osteogenic
performance of MSCs. As for round microstructure, it needs
more systematic investigation. The research details are
summarized in Table 4.

In general, the abovementioned consequences have
presented more sensitivity of osteogenic performance of
MSCs to feature size when cultured on micropatterns.
Moreover, it appears to be a connection between the cell
adhesion and osteogenic differentiation of MSCs seeded on
micropatterns. As it was mentioned before, the identical size
can effectively induce large FAs, a well-organized cyto-
skeleton, and a typical spread morphology of MSCs. To
further analyse this connection, potential mechano-
transduction mechanisms need to be investigated, which
require FAs to transduct signals from the extracellular
matrix (ECM) to the cell through integrin and intracellular
protein-cytoskeleton complex.

6. Potential Mechanisms Concerned in
Microtopography-Induced
Osteogenic Differentiation

Mechanical signals are converted intracellularly into bio-
chemical signals which are induced by surface topography
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TaBLE 4: Summary of MSC differentiation regulated by micropit.

Depth Side length

Material Shape /diameter  Cell type Main results
(um)
(m)

Square and 10, 25, and Ad-  Square micropit with a side length of 50 um shows advantages over round-

PS 10 . .
round 50 MSCs shaped micropits
PDMS Square 5 andd 3 MMSCs Cells on the substrates has enl.lanc.ed FA§, a.ctln polymerization, and
osteogenic differentiation
Zirconia Round 3 and 10 10, 20, and hMSCs Pits with 30 ym dlameter and 10 ym deep may s1gn1ﬁcantly promote MSCs
30 commitment towards the osteoblastic phenotype

PS, polystyrene.

through a process called mechanotransduction [56, 57]. So
far, the results in vitro indicated that the mechano-
transduction involved in the microtopography-induced
osteogenic performance [13, 58, 59]. There are two kinds of
mechanisms of mechanotransduction that can be listed as
follows, which may concern with integrin signaling, cyto-
skeleton reorganizing, and nuclear mechanotransduction.
One way is named direct mechanotransduction. Its content
is that the stress or mechanical force of microtopography
propagates into the nucleus through the cytoskeleton to
regulate nucleus form and probably chromosome orienta-
tion directly. The second mechanism is indirect mechano-
transduction. It means that mechanical signals convert into
biochemical signals via biomolecules.

The direct physical mechanotransduction (Figure 6) is
essential for transferring mechanical cues of the micro-
topographical surface into the nucleus, including exertion of
stress from the cytoskeleton on the nucleoskeleton. Nuclear
organization is hierarchical, consisting of chromosome
territories. The microtopography-induced signals can be
transported into the nucleus directly via cytoskeleton ele-
ments acting as an integrated unit. The experimental results
indicating chromosomal repositioning and nucleus defor-
mation in reaction to microtopography suggest that the
nucleus can be regarded as a positive mechanosensor [60].
This is backed up by nuclear lamina, which can provide
structural support to the nucleus and form the link to the
actin cytoskeleton, guaranteeing the appropriate nuclear and
centrosomal organization [61]. By this means, the stress can
be directly conveyed from the actin cytoskeleton to the
nuclear and chromosomes with feasible subsequent conse-
quences on gene expression [9, 62]. MSCs possess an actin
cytoskeleton and have been shown to remodel in response to
microtopography. This remodelling instigates subsequent
mechanotransductive pathways, ultimately leading to the
more expression of osteogenic genes such as RUNX-2, OPN,
and so on. Application of a stretching force to MSCs gen-
erating strain also increases their proliferation and the
production of the bone matrix protein. The abovementioned
findings suggest the vital role of direct mechanotransduction
in cellular response to microtopography. However, the
connection between the mechanotransduction mechanisms
and specific micropatterns features still needs to be further
investigated.

Next to the direct mechanotransductive signaling
pathways, it reported that RhoA-ROCK-MLCK (myosin II)

~ Gene activation
§

) I Force

' ( Nucleus

Microtopography Integrin

pulling Force

FIGURE 6: Schematics showing the mechanism of direct physical
mechanotransduction. Microtopography induced cell focal adhe-
sion maturation and actin organization with enhanced contraction
force.

is a distinct indirect pathway [46] (Figure 7). RhoA, acting as
a mechanotransduction receptor, plays a distinctive role in
regulating actin cytoskeletal reorganization [64]. Activating
the downstream of RhoA/ROCK pathway will increase the
polymerization of the cytoskeleton by the way of formation
of large ¢ and stress fibers. This mechanism is supported by
molecular researches indicating that higher RhoA activity is
connected with enhanced adhesion maturation, cellular
stress, and cytoskeleton reorganizing that promote osteo-
genic performance of MSCs [43, 65]. Their role has been
additionally confirmed by the use of small molecular in-
hibitors, blebbistatin and Y-27632, to inhibit myosin II and
ROCK, respectively. It determined that the FA formation,
cytoskeleton reorganizing, and FAKs (focal adhesion ki-
nases) phosphorylation were dramatically reduced. At the
same time, the topographical dependency of FA formation
was also fantastically decreased. Following mechanical
stimulation of integrins by external microtopography, the



Microtopography

Integrin

FIGURE 7: Schematics showing the mechanism of indirect pathway.
This process involved integrin recruitment and phosphorylation of
focal adhesion kinase (FAK) via the RhoA-ROCK pathway and
myosin IL

extensive FAs with other kinases, including FAKs and ex-
tracellular signal-related kinases (ERKs) [66], bring about
force concentration of actin. Finally, the nuclear deforma-
tion causing by force upregulates the expression of RUNX2
and OPN gene in MSCs, further demonstrating the im-
portance of signal transduction pathways in altering cell
responses to mechanical stimuli. These findings indicate that
signal transduction pathways can regulate the adhesion and
cytoskeleton organization of MSCs on the microtopography
[43], which may finally affect the expression of osteogenic
genes.

7. Conclusions and Outlook

To apprehend the connections between microtopographies
and cellular activities, different types of patterns (groove, pit,
and pillar) have been developed. Here, we review fabrication
methods for acquiring physically patterned microscale
surfaces and discuss physical properties of patterns. Then,
we focus on the relationships between MSCs responses and
microtopogracial feature, which could be carried out to
modify dental implant surface. The preference for large FAs
on microtopographical surface suggests that osteogenic
performance and cellular adhesion are associated. In ad-
dition, a well-spread morphology with a highly organized
cytoskeleton will be beneficial for osteogenic differentiation,
indicating that direct mechanotransduction mechanism
ought to play an important role in the connection between

Journal of Healthcare Engineering

MSCs adhesion behavior and osteogenic performance. Al-
though controlled microtopography can be regarded as a
potential cue for guiding MSCs differentiation towards the
osteoblast lineage, no optimal micropatterns have been
confirmed yet. Also, the reason for that is a lack of systematic
comparison of the outcomes of various micropattern di-
mensions and spatial arrangements. Next, we need to further
improve the microfabrication processes for biomedical
materials and study the underlying mechanisms of inter-
action between micropatterns and MSCs to screen the op-
timal micropattern structure and size.
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