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Background: Surface topography is known to affect osteoblastic adhesion; however, consolidated 

evidence regarding how polymeric surface topography affects adhesion is lacking in the literature. 

Aims: To identify studies that investigate the effect of polymeric biomaterials’ surface topography 

on osteoblast adhesion so that a descriptive summary of topographical features that enhance or 

impede osteoblast adhesion may be inferred. 

Methods: Studies describing osteoblasts’ adhesion to the surface topography of polymeric 

biomaterials were collected from PubMed, Scopus, ProQuest, EBSCO, EuropePMC, and IEEE 

Xplore. Studies describing other materials such as metals, ceramics or composites were excluded. 

Electrospun materials, nonfouling structures, nanoparticle-based materials and studies not 

describing cell adhesion were excluded. The review followed PRISMA 2020 guidelines. 

Results: The search resulted in 27 articles for final inclusion in the review. Polymers described 

were PLLA, PCL, PLGA, Polystyrene and PMMA. Nano and microscale modifications were 

analysed in these studies, where nanoscale modification affected the cell adhesion number, while 

microscale modifications affected the cell shape and alignment. 

Conclusion: Nanotopography (10–100 nm) with moderate microscale roughness (0.1 to 10 

microns) may be the recommended topography for cell adhesion, based on studies included. 

 

Keywords: Osteoblast adhesion; nanostructured polymer surfaces; microtopography; biomaterial 

surface engineering; hierarchical roughness; cell–substrate interactions. 

 

Introduction 

The surface of the material is the interface through which cells recognise a material, and the 

critical well-orchestrated sequence of events that happen from the moment of placement of the 

material into the physiological system influences the future clinical life of the placed 

implant.(1) Due to the significant role of material surface in biomaterials science, it has 

attracted the major attention of investigators regarding its design and customisation. When it 

comes to implants placed in bone, the concept gains greater importance due to the unique 

properties and requirements of osteoblasts that influence the longevity of clinical service of 

the implant.(2) Modification of surface topography has been seen as a successful method in 
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encouraging osteoblast adhesion and sometimes discouraging other types of cells from 

attachment such as fibroblasts and bacterial cells. (3) (4) (5) 

Polymeric biomaterials are being increasingly used in current-day bone-related clinical needs 

for both resorbable and non-resorbable applications. Major advantages of polymers for non-

resorbable applications include High Mechanical Strength and Stability, Reduced Stress 

Shielding, Biostability and Long-Term Reliability, Resistance to Corrosion and Fatigue, 

Superior Wear Resistance and Excellent Processability.(6) In case of nonresorbable 

applications, the advantages include Biocompatibility, Tunable Mechanical Properties, 3D 

Structural Versatility and Fabrication, Surface Bioactivity and Osteogenesis, Drug Delivery 

Potential, Lightweight and Cost-Effectiveness.(7) 

The surface topography to biocompatibility relation has been well investigated with regard to 

titanium.(8) However, due to the rising use of polymeric biomaterials, there is a need to 

consolidate the existing evidence on the relation of the topography of polymers with osteoblast 

adhesion. In this connection, there is a specific lacuna in relevance to topography introduced 

by various techniques towards osteoblast cell response. While a large amount of literature is 

available that reports cell adhesion to polymeric materials, the specific consolidation is still 

not clearly seen in the literature. 

This systematic review aims to identify studies that investigate the effect of polymeric 

biomaterials’ surface topography on osteoblast adhesion so that a descriptive summary of 

topographical features that enhance or impede osteoblast adhesion may be inferred. 

 

Methodology 

 

Objectives 

The aim of this systematic review is to synthesise and analyse the methodologies used in 

surface modification and measurement of cell adhesion and to provide a descriptive summary 

of topographical features that enhance or impede osteoblast adhesion. The review follows 

PRISMA 2020 reporting guidelines. 

 

Review Question 

The review question of the current systematic review is “What is the impact of surface 

topography on osteoblast adhesion to polymeric biomaterial surfaces?” 

 

PICO Framework 

The PICO framework is shown in Table 1 below.  

 

Table. 1. PICO Framework 

 

Component Definition 

Population (P) Osteoblasts (primary cells or cell lines) 

Intervention/Exposure 

(I) 

Surface topography features (micro, nano, hierarchical) of 

polymeric biomaterials 
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Component Definition 

Comparator (C) 
Smooth/non-patterned polymer surfaces or different 

topographies 

Outcome (O) 
Cell adhesion (quantitative measurements e.g., cell count, 

focal adhesion markers, adhesion strength) 

 

Eligibility Criteria 

 

Inclusion 

Original research articles that report in vitro analysis of osteoblast adhesion on polymeric 

biomaterials with defined surface topographies and studies reporting cell adhesion (cell count, 

percentage adhesion, focal adhesion proteins). No restriction was placed on the date of 

publication. 

 

Exclusion 

The following types of articles were excluded: 

• Reviews, editorials, conference abstracts without full data, 

• Materials with non-polymeric components, such as Ceramics, Metals and Composites – 

exhibit fundamentally different surface energy, stiffness and protein adsorption. In this 

way, studies reporting chitosan were excluded to remove the confounding from 

intrinsically bioactive materials. 

• Nanofibers and nanoparticles, since they bring in dimensional and surface area variables 

that deviate from planar topology-based research questions 

• Studies reporting coatings and nonfouling studies were excluded, as they mask the role of 

surface topography. 

• Studies that report regenerative materials and their resorption – to exclude confounding 

from time-related changes in topography 

• Studies that report on stem cells and other non-osteoblastic cells 

• Studies reporting chemical modifications and plasma-based modification – to focus on 

topography rather than chemistry. 

• Studies that describe a technique for evaluation rather than evaluating the material 

• Reports on gradient topographies/libraries and chemical composition-related outcomes – 

they report relative rather than absolute adhesion metrics. 

• Studies not measuring cell adhesion (e.g., only proliferation without adhesion data). 

• In vivo studies (unless they include quantification of initial osteoblast adhesion in vitro). 

 

Search Strategies 

Key Concepts of the search strategy were as follows: 

1. Osteoblasts: osteoblast, osteogenic cells, MC3T3, MG-63, Saos-2 

2. Topography: surface topography, microstructure, nanostructure, surface pattern, 

roughness, texture 
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3. Polymeric Biomaterials: polymers, biodegradable polymers, PLA, PLGA, PCL, PEG, 

polyurethane. In order not to miss any possible information on cell adhesion, chitosan was 

also included in the search, but later eliminated. 

4. Cell Adhesion: adhesion, cell attachment, focal adhesion, adhesion strength 

Specific strategies are shown below in Table 2. 

 

Table 2. Search Strategies 

 

PubMed 

("osteoblast*" OR "osteogenic cell*" OR MC3T3 OR MG-63 OR Saos-

2) 

AND 

("surface topograph*" OR "surface roughness" OR microtopography 

OR nanotopography OR "surface pattern*" OR texture*) 

AND 

("polymer*" OR PLA OR PLGA OR PCL OR chitosan OR PEG OR 

polyurethane) 

AND 

("cell adhesion" OR "cell attachment" OR "focal adhesion" OR 

"adhesion strength") 

Scopus 

( TITLE-ABS-KEY ( ( osteoblast* OR "osteogenic cell*" OR MC3T3 

OR MG-63 OR Saos-2 ) ) AND TITLE-ABS-KEY ( ( "surface 

topograph*" OR "surface roughness" OR microtopography OR 

nanotopography OR "surface pattern*" ) ) AND TITLE-ABS-KEY 

( ( polymer* OR PLA OR PLGA OR PCL OR chitosan OR PEG OR 

polyurethane ) ) AND TITLE-ABS-KEY ( ( "cell adhesion" OR "cell 

attachment" OR "adhesion" ) ) AND LANGUAGE ( English ) ) AND 

( LIMIT-TO ( SUBJAREA , "DENT" ) OR LIMIT-TO ( SUBJAREA , 

"MEDI" ) OR LIMIT-TO ( SUBJAREA , "CHEM" ) OR LIMIT-TO 

( SUBJAREA , "BIOC" ) OR LIMIT-TO ( SUBJAREA , "MATE" ) OR 

LIMIT-TO ( SUBJAREA , "ENGI" ) ) 

Proquest 

TI,AB(osteoblast* OR "osteogenic cell*" OR MC3T3 OR "MG-63" OR 

"Saos-2") AND TI,AB(("surface topography" OR microtopograph* OR 

nanotopograph* OR "surface roughness" OR "surface pattern*" OR 

"microstructured surface" OR "nanostructured surface")) AND 

TI,AB(("polymeric biomaterial*" OR "polymer scaffold*" OR 

"polymer surface*" OR PLA OR PLGA OR PCL OR chitosan OR 

polyurethane OR PEG)) AND TI,AB(("cell adhesion" OR "cell 

attachment" OR "initial adhesion" OR "focal adhesion" OR vinculin 

OR integrin)) NOT TI,AB(proliferation OR differentiation OR 

mineralization) 

EBSCO 

(MH "Osteoblasts+" OR osteoblast* OR "osteogenic cell*") AND 

("surface topograph*" OR "surface roughness" OR microtopography OR 

nanotopography OR "surface pattern*") AND (polymer* OR PLA OR 
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PLGA OR PCL OR chitosan OR PEG OR polyurethane) AND ("cell 

adhesion" OR "cell attachment") 

EuropePMC 

(TITLE:osteoblast* OR ABSTRACT:osteoblast* OR 

TITLE:"osteogenic cell*" OR ABSTRACT:"osteogenic cell*" OR 

TITLE:MC3T3 OR ABSTRACT:MC3T3 OR TITLE:"MG-63" OR 

ABSTRACT:"MG-63") AND (TITLE:"surface topograph*" OR 

ABSTRACT:"surface topograph*" OR TITLE:microtopograph* OR 

ABSTRACT:microtopograph* OR TITLE:nanotopograph* OR 

ABSTRACT:nanotopograph* OR TITLE:"surface roughness" OR 

ABSTRACT:"surface roughness") AND (TITLE:"polymeric 

biomaterial*" OR ABSTRACT:"polymeric biomaterial*" OR 

TITLE:"polymer scaffold*" OR ABSTRACT:"polymer scaffold*" OR 

TITLE:PLA OR ABSTRACT:PLA OR TITLE:PLGA OR 

ABSTRACT:PLGA OR TITLE:PCL OR ABSTRACT:PCL) AND 

(TITLE:"cell adhesion" OR ABSTRACT:"cell adhesion" OR 

TITLE:"cell attachment" OR ABSTRACT:"cell attachment" OR 

ABSTRACT:"focal adhesion") NOT ABSTRACT:(proliferation OR 

differentiation OR mineralization) AND SRC:MED 

IEEEExplore 

("All Metadata":Osteoblast) AND ("All Metadata":adhesion) AND 

("All Metadata":surface topography) AND ("All Metadata":Polymer)  

 

Screening and Selection Process 

The results were deduplicated and screened using title/abstract against eligibility criteria. 

Subsequently, full-text retrieval and screening were done. The flow of review is shown in the 

PRISMA flow diagram (Fig. 1) 

 

Data Extraction 

Data extraction was done to obtain the following information: Authors, Year, Material type, 

Topography type, Topography parameters, Surface modification process, Cell lines, Adhesion 

measurement and Outcome results. Narrative synthesis was performed. 

 

Quality Assessment 

Since a standardised RoB tool is not available, a modified RoB tool from CONSORT and 

ARRIVE was used. Risk of Bias Domains Used were as follows: D1 - Clear study objective 

and design, D2 - Adequate control surface (flat or baseline), D3 - Surface topography 

quantified and characterised, D4-Fabrication method reproducible and described, D5-Cell 

model appropriately described, D6-Adhesion measurement method valid and quantitative, D7- 

Statistical analysis and replicates reported. Judgments given were L = Low risk, M = Moderate 

risk, H = High risk, and U = Unclear risk. 

 

RESULTS 
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Figure 1. PRISMA Flow chart (9) 

 

 
 

Table 1. Data Extraction 
Autho

rs (1st 

author 

et al.) Year Material type 

Topography 

type 

Topography 

parameters 

Surface 

modifica

tion 

process 

Cell 

model 

Adhesion 

measureme

nt 

Outcome 

results 

Ajami-

Henriq

uez et 

al.(10) 2008 

Poly(L-lactide) / 

poly(ε-caprolact

one) blends and 

PLLA-b-PCL 

diblock 

copolymer 

long range 

ordered 

domains (of 

the order of 2-

3 mum) 

Rq=4.57, 

Ra=3.63,  Nil 

Rat 

calvarial 

osteoblas

ts MTT 

Satisfacto

ry cell 

adhesion 

Allan 

et al. 

(11) 2018 Polycprolactone 

NSQ50 

disordered 

120 nm 

diameter, 100 

nm deep pits,  

electron-

beam 

SaOS-2 

osteoblas imaging 

increased 

adhesion 

formation 
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nanotopograph

y  

lithograp

hy 

t-like 

cell line 

& 

cytoskelet

al 

organizati

on 

Barata 

et 

al.(12) 2017 

Polylactic acid 

(PLA) 

High-resolutio

n 

micropatterns  

between 500 

nm and 15 

μm 

Direct 

laser 

lithograp

hy MG63  

cell 

morphometr

y 

Cell 

behavior 

depending 

on 

microfeat

ure design 

Biggs 

et 

al.(13) 2009 Polystyrene 

Multiple 

nanoscale 

topographies: 

nanopits 

(nanotopograp

hy with 

controlled 

disorder), 

nanocraters, 

nanoislands, 

nanogrooves. 

Nanopits: 

near-square 

pits 120 nm 

diameter, 100 

nm deep, 

~300 nm 

spacing, ± 

disorder 

Electron-

beam 

lithograp

hy and 

polymer 

demixin

g to 

generate 

nanopits, 

nanocrat

ers and 

nanoisla

nds; 

nanogro

oves by 

additiona

l 

patternin

g. 

Human 

osteoblas

ts 

(HOBs) 

Immunocyt

ochemistry, 

SEM and 

morphometr

y 

Nanopit 

topograph

ies 

inhibited 

large 

adhesion 

complexe

s in HOBs  

topograph

ies 

reduced 

adhesion 

but 

upregulat

ed 

osteospeci

fic 

pathways. 

Cha et 

al.(14) 2013 Polystyrene 

Nanopillar and 

nanopore 

arrays 

(ordered 

nanotopograph

ies). 

Nanopillars 

and 

nanopores 

replicated 

from metal 

nanostamps; 

~200nm 

diameter, 

~500nm in 

depth. 

Hot 

embossi

ng  

MC3T3-

E1 

osteoblas

t-like 

cells. SEM 

Nanoengi

neered 

surfaces 

significan

tly altered 

MC3T3-E

1 

morpholo

gy and 

attachmen

t; 

nanopore 

arrays 

(NPS-Po) 

more 

effective 

than 

nanopillar
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s 

(NPS-Pi). 

Dalby 

et al. 

(15) 2006 PMMA 

Random 

nanoscale pits 

(nanotopograp

hy) 

10 nm pits, 

c.ncbi.nlm.ni

h 

Colloidal 

lithograp

hy and 

embossi

ng 

Osteopro

genitors 

(OPGs; 

human 

osteopro

genitor 

cells). 

Imaging 

(Fluorescent

) 

Promoted 

adhesion 

DeSant

is et al. 

(16) 2026 PEKK 

Microporous 

surface 

Micron scale 

pores Printing 

Mouse 

MC3t3-

E1 Imaging 

Porous 

PEKK 

improved 

in vitro 

osteoblast

ic 

performan

ce 

compared 

to PEEK. 

Duan 

et al. 

(17) 2013 

Poly(glycine 

ethyl 

ester-co-alanine 

ethyl ester) 

phosphazene 

(PGAP) vs 

PLGA reference 

Honeycomb-p

atterned 

microporous 

surface 

topography 3-6 nm 

Chemica

l 

MC3T3-

E1 

Cell 

counting kit 

Honeyco

mb-patter

ned 

PGAP 

enhanced 

cell 

adhesion 

Filipov 

et al. 

(18) 2022 

Porous 

poly(ε-caprolact

one) scaffolds 

Ultra-short 

laser-textured 

porous surface 

patterns 

height = 

12.03 μm,  

depth = 32.87 

μm, Width of 

28.7 μm. The 

surface 

roughness = 

0.14 to 0.8 

μm.  

Ultra-sh

ort 

pulsed 

laser 

texturing  MG63  

Cell 

adhesion 

Laser-text

ured 

porous 

PCL 

increased 

bone cell 

adhesion 

Han et 

al.(19) 2022 

Polycaprolacton

e (PCL) porous 

scaffolds Porous surface 

Sa 56.42 μm 

(Ed1, 

roughest) to 

31.02 μm 

(Ed3, 

smoothest); 

pores 3-11 

mm² area, 

porosity 45% 

Selective 

laser 

sintering 

(SLS); 

energy 

densities 

Ed1=0.0

89, 

Ed2=0.1

78 

(variants

), 

Ed3=0.2

67 

MC3T3-

E1 

mouse 

osteoblas

t 

precurso

rs 

Live/dead 

staining 

(Calcein-

AM/PI) 

Rougher 

surfaces 

had 

higher 

cell 

adhesion 

and 

flattened/s

pread 

morpholo

gy; 

smoother 

surface 

had sparse 
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J/mm³ 

via laser 

power 2-

6W, scan 

speed 

750-

2250 

mm/s 

round 

cells 

Krysza

k et 

al.(20) 2022 PLLA surfaces 

Femtosecond 

laser-induced 

patterns 

10-50 

microns, Sa < 

3.95; Sz 

<18.65 

Femtose

cond 

laser 

function

alization 

Osteobla

sts 

Neutral red 

assay and 

SEM 

Tailored 

properties 

increased 

osteoblast 

adhesion 

Lee et 

al. (21) 2004 

Polycarbonate 

membranes 

Micropore 

arrays 

Different 

micropore 

sizes – 0.2 – 

8 microns 

Membra

ne 

fabricati

on with 

varying 

pore 

sizes 

MG63 

osteoblas

t-like 

Imaging and 

SEM 

Cells 

spread 

better on 

smaller 

pore sizes 

(0.2-1 

microns), 

appeared 

round on 

larger 

pores 

Lenher

t et 

al.(22) 2005 

Grooved 

polystyrene 

Grooved 

patterns 

spaced 

grooves of 

different 

depths (50 

and 150 nm) 

with a 

periodicity of 

500 nm 

Langmui

r-

Blodgett 

lithograp

hy  

Osteobla

sts  Imaging 

Osteoblas

ts 

aligned/el

ongated/

migrated 

on 

grooves  

Li et 

al.(23) 2016 

Poly(L-lactide) 

(PLLA) 

Crystallization 

topography 

sherulite 

surfaces 

Crystalli

zation 

control  

MC3T3-

E1  Imaging 

PLLA 

cryst 

topograph

y provides 

contact 

guidance 

to 

MC3T3-

E1 cells 

adhesion 

Lim et 

al.(24) 

(bioma

c) 2005 

Poly(L-lactic 

acid)/polystyren

e (PLLA/PS) 

demixed thin 

films 

Nanotopograp

hy from phase 

demixing 

island-

dominant 

morphologies 

having 

nanoscale 

depth or 

Polymer 

demixin

g thin 

films  

Osteobla

sts  

Adhesion 

affected by 

nano/wettab

ility/chemist

ry  

Nanotextu

red 

substrata 

stimulated 

osteoblast

ic cell 

adhesion 
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height (3-29 

nm) 

to a 

greater 

degree 

than did 

flat PLLA  

Lim et 

al.(25) 

(RSI) 2005 

Polymer-

demixed 

nanotopographic 

interfaces 

Nanotopograp

hy from 

demixing 

Island 

topography 

of 10-100 nm 

Polymer 

demixin

g  

Human 

foetal 

osteoblas

ts  

Cell 

counting, 

Imaging and 

morphometr

y 

Cells on 

surfaces 

with 

11 nm 

high 

nanoislan

ds 

displayed 

well-

developed 

lamellipo

dia. 

Lin et 

al.(26) 2023 

Polylactic acid 

(PLA) implants 

Surface 

microtopograp

hy 

The ridge 

width of 

bulges 

ranged from 

1.64 ± 0.16 

µm to 82.52 

± 14.38 µm 

and the 

valley depth 

ranged from 

0.49 ± 0.07 

µm to 37.35 

± 6.78 µm  

Microtop

o 

construct

ion  

Osteobla

sts Imaging 

Microtop

ography 

enhanced 

adhesion 

of cells  

Maclai

ne et 

al.(27) 2012 

Polycaprolacton

e (PCL) 

Disordered 

nanotopograph

y (14 nm and 

18 nm 

features); 

planar control 

Disordered 

pattern 14 

nm and 18 

nm features; 

roughness 

~0.93 nm 

Block 

copolym

er phase 

separatio

n; 

embosse

d onto 

PCL 

Human 

osteoblas

ts  Imaging 

Smaller 

feature 

nanopatte

rns 

improved 

adhesion  

Melčo

vá et 

al. (28) 2024 

3D printed 

poly(3-

hydroxybutyrate

)/polylactide 

(PHB/PLA) 

Surface 

roughness 

from printing 

Upt0 150 

microns grid 

3D 

printing 

Saos-2 

osteosarc

oma 

cells   

Cell 

number 

decrease 

with 

increase 

in 

roughness

; 50 

microns 

gap was 

the most 
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favoured 

by cells 

Riehle 

et 

al.(29) 2003 Polystyrene 

Random 

nanometric 

features 45-100nm 

Polymer 

phase 

separatio

n 

Rat 

calvaria 

bone 

cells 

ncbi.nlm

.nih Imaging 

Nanofeatu

res 

increased 

adhesion 

Smith 

et 

al.(30) 2007 PLGA scaffolds 

Nanostructure

d (etch pits) 

Nano-

roughness 

from etching 

by NaOH 

NaOH 

etching  

Osteobla

sts  

Cell 

counting 

Nanotopo

graphy 

increases 

osteoblast 

adhesion  

Sun et 

al.(31) 2010 

Polystyrene 

(PS), 

polymethylmeth

acrylate 

(PMMA), 

dimethacrylate 

(DMA) 

Gradient 

nanogratings 

(line-and-

space) 

Height 

gradient 0-

350 nm; two 

pitches – 

420nm and 

800nm; 

ridge/trough 

profile 

variations 

Nanoimp

rint 

lithograp

hy (NIL) 

+ 

annealin

g 

(PS/PM

MA); 

photoim

print 

(DMA) 

MC3T3-

E1 

Focal 

adhesions 

and imaging 

c.ncbi.nlm.n

ih 

Cells 

oriented 

randomly 

at pattern 

heights 

less than 

30 nm 

and 

aligned 

parallel to 

the 

grating 

direction 

at higher 

heights, 

Wan et 

al.(32) 2005 

Poly(L-lactide) 

(PLLA) 

Micro- and 

nano-scale 

topography 

0.45 micron 

dia for samll 

pits, 2.2 

microns for 

large pits, 

space 

between 

them was 

~1micron 

Surface 

structuri

ng 

(etching/

patternin

g)  

OCT-1 

osteoblas

t-like 

cells  

SEM and 

cell 

counting 

Micro/nan

o 

topograph

y 

modulate

d OCT-1 

adhesion/

proliferati

on  

Wang 

et al. 

(33) 2000 

Biodegradable 

polyesterurethan

e membranes 

Variable 

porous surface 

morphologies 

Varying 

phase 

morphologies  

Membra

ne 

casting/p

hase 

inversion  

Rat 

calvarial 

osteoblas

ts Imaging 

Rough 

surface 

enhanced 

osteoblast 

adhesion 

Wang 

et al. 

(34) 2012 

Poly(propylene 

fumarate)/poly(ε

-caprolactone) 

(PPF/PCL) 

blends 

Banded 

spherulitic 

morphology 

Banded 

spherulites 

with 

concentric 

alternating 

succession of 

ridges and 

Blend 

crystalliz

ation  

MC3T3-

E1 

preosteo

blasts  

Cell 

interaction  

More 

cells 

attached 

on the 

rougher 

surfaces 

than flat 
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valleys – 35 

to 350nm 

ones. Cell 

nuclei 

were 

preferenti

ally 

located 

close to 

the 

valleys. 

Yeon 

et 

al.(35) 2012 

Block 

copolymer-

surfactant 

nanostructured 

polymers 

Nano-

structured 

surfaces 

Self-

assembled 

nano-

domains – 

100nm 

Block 

copolym

er + 

surfactan

t 

complex

ation  

Preosteo

blasts  Imaging 

Nano-

structures 

increased 

the 

preosteobl

ast 

adhesion 

Yuanzh

eng et 

al. (36) 2026 

3D-printed 

PLLA scaffolds 

Etched 

nanotopograph

y ~85 nm  

3D 

printing 

& N-

methyl-

2-

pyrrolido

ne 

etching  

MC3T3-

E1 

Bone repair 

ability  

Etching 

enhanced 

bone cell 

adhesion 

 

 

Table 2. Risk of Bias 

Authors (1st 

author et al.) D1 D2 D3 D4 D5 D6 D7 Overall RoB 

Ajami-Henriq

uez et al.(10) L L M M L M U Moderate 

Allan et al. 

(11) L L L L L L L Low 

Barata et 

al.(12) L L L L L M L Low 

Biggs et 

al.(13) L L L L L L L Low 

Cha et al.(14) L L L L L M M Moderate 

Dalby et al. 

(15) L L L L L M U Moderate 

DeSantis et al. 

(16) L L M M L M U Moderate 

Duan et al. 

(17) L L M M L M M Moderate 
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Filipov et al. 

(18) L L L L L L L Low 

Han et al.(19) L L L L L L L Low 

Kryszak et 

al.(20) L L L L M M M Moderate 

Lee et al. (21) L L L L L M U Moderate 

Lenhert et 

al.(22) L L L L M M U Moderate 

Li et al.(23) L L M M L M M Moderate 

Lim et al.(24) 

(biomac) L L L L L L L Low 

Lim et al.(25) 

(RSI) L L L L L L L Low 

Lin et al.(26) L L L M M M M Moderate 

Maclaine et 

al.(27) L L L L L M M Moderate 

Melčová et al. 

(28) L L L L L M M Moderate 

Riehle et 

al.(29) L L L L M M U Moderate 

Smith et 

al.(30) L L M M L L M Moderate 

Sun et al.(31) L L L L L L L Low 

Wan et al.(32) L L M M M M U Moderate 

Wang et al. 

(33) L L M M L M U Moderate 

Wang et al. 

(34) L L L L L M M Moderate 

Yeon et al.(35) L L M M L M M Moderate 

Yuanzheng et 

al. (36) L L M M L M U Moderate 

 

 

Across the included studies, surface topography of polymeric biomaterials consistently 

influenced osteoblast adhesion. It depended upon Feature size (nano vs micro), Geometry 

(pits, grooves, pillars, pores, fibres), Surface roughness and Degree of order (ordered vs 

disordered). With regard to the effect of Nanotopography (10–200 nm range), it showed the 

Strongest and most consistent enhancement of adhesion. Disordered nanotopographies 

increased focal adhesion formation, cytoskeletal organisation, and mechanotransduction. 

Nanopits increased adhesion but sometimes reduced large focal adhesion complexes. 

Nanogratings at 30 nm caused alignment and organised adhesion. Etched nanorough surfaces 

elevated the osteoblast adhesion. Summarily, Nanotopography regulates cell–substrate 

signalling through FAK and integrins, rather than just physical anchorage. On the other hand, 
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Microtopography (1–100 µm range) had a strong influence on cell morphology and alignment, 

as Micropatterns showed 

“Cell-instructive” behaviour and Contact guidance. Smaller pores (0.2–1 µm) caused better 

spreading, and larger pores led to rounded morphology. While naotopography enhanced 

adhesion, microtopography had a role in cell organisation, orientation, and cytoskeletal 

arrangement, which is an indirect pathway to influencing adhesion. Hierarchical or Combined 

Micro–Nano Topography mimics natural bone ECM, which is optimal for multi-scale 

mechanotransduction. 

With regard to surface roughness, moderate roughness showed optimal adhesion, while 

smooth surfaces showed poor adhesion. Also, an excessively rough surface reduces cell 

spreading. Therefore, an optimal roughness window is apparent and rules out a linear 

relationship. Geometry of the surface, such as pits, grooves, gratings, and spherulites, dictates 

the cell shape and consequent adhesion strength. With regard to cell types, primary osteoblasts 

are more sensitive to nanotopography, but Cell lines are more robust but are still responsive. 

This may be a limitation in result consolidation due to cell model heterogeneity. The role of 

fabrication method also influences surface chemistry, and energy also influences adhesion. 

Most frequently used technique of assessing adhesion was Imaging (fluorescence / SEM), 

followed by Cell counting assays and MTT / viability assays, inferring adhesion indirectly. 

Most included studies were found to have a moderate risk of bias, due to incomplete reporting 

of quantitative adhesion assays in addition to limited statistical treatment. Studies reporting 

advanced nanomodification techniques exhibited low RoB. 

 

Discussion 

The current systematic review has evaluated polymeric biomaterials used for bone 

implantation and has assessed the role of their surface topography in osteoblast adhesion. It 

has been seen that there is strong Evidence to show that nanotopography significantly enhances 

the osteoblast adhesion. Also, surface roughness positively correlates with adhesion, although 

not related linearly. Microtopography is seen to direct the cell alignment and morphology, 

thereby indirectly affecting the adhesion. However, lack of standardisation in adhesion assays 

and heterogeneous reporting of roughness parameters and feature size quantification have 

limited the applications of the findings. 

 

From the viewpoint of mechanisms by which the topography influences cell adhesion, the 

primary mechanism broadly pointed out in the included papers is the integrin-mediated 

attachment leading to Focal adhesion complex formation. Another mechanism is the role of 

Cytoskeletal organisation (actin, myosin) through the mechanotransduction pathways (FAK 

signalling). Both these are heavily interrelated pathways, but are differently influenced by the 

materials. This may be the reason for microtopography influencing shape and nanotopography 

affecting adhesion. Topography signals the integrin clustering and ligand binding, while 

nanoscale features may promote focal adhesion complex formation. Disordered 

nanotopography leads to stronger cytoskeletal tension, all of which leads to downstream 

osteogenic differentiation signals.(37,38) 

 



28 Influence Of Surface Topography …… Geetha Lakshmi Munuswamy et al. 

 

Nanotechnology Perceptions 22 No. S1 (2026) 14-34 

Cell lines used in the included studies were primary osteoblasts of various origins and cell 

lines such as SaOS2 and MG63. Minor changes may be due to differences in response due to 

differences in the physiology of primary cells and cell lines. Predominant methodology used 

to assess adhesion was imaging by various modalities such as SEM, fluorescent staining, etc. 

These are fine techniques to visualise cell morphology, but nevertheless are not completely 

quantitative, such as MTT or alamar blue assays. Hence, articles included in this study have 

analysed the adhesion based on shape and localisation effectively, but have not quantified the 

number biochemically. This may be seen as a limitation in the literature. 

 

For the Nanotopography, the optimal range has been found to be 10–100 nm, which promotes 

Cell spreading, Lamellipodia formation and Stable adhesion. Also, it must be emphasised that 

geometry dictates cytoskeletal architecture, which in turn governs the adhesion. 

 

Surface roughness has been easily produced by various techniques, such as etching in 

polymers. The outcome is an irregularly formed surface. These are characterised by various 

techniques such as AFM or STM, and the roughness has been found to relate to the adhesion 

of cells. Multiple studies in this review have shown that increasing roughness increases cell 

attachment. Studies such as Han et al. (2022) (PCL)(19), Wang et al. (2000) 

(polyesterurethane)(33), Smith et al. (2007)(PLGA)(30), Filipov et al. (2022)(PCL)(18) have 

supported this view. However, studies including Melčová et al. (2024) (PHB/PLA), Lee et al. 

(2004)(Polycarbonate)(21), Sun et al. (2010)(Polystyrene)(31), and Lim et al. 

(2005)(PLLA)(24) have reported improved spreading on smaller micropores compared to 

larger ones. It has been seen in this systematic review that while a clear relation exists between 

roughness and cell adhesion, there appears to be an optimal range for the best adhesion of 

osteoblast cells, below or above which the cell adhesion appears to fall below the optimum 

level. At the optimum roughness level, there is increased protein adsorption and integrin 

binding, leading to increased adhesion. On the other hand, excessive roughness reduced cell 

spreading and viability. Table 3 summarises the broader picture of the findings seen in this 

systematic review. 

 

Table. 3. Summary of Topography vs Osteoblast adhesion 

Topography 

Category 

Subtype / 

Geometry 

Feature 

Size Range 

Adhesion 

Outcome 
Mechanistic Interpretation 

Nanotopogr

aphy 

Disordered 

nanopits / 

nanoislands 

10–100 nm 

increase 

Adhesion, focal 

adhesions, and  

cytoskeletal 

organization 

Promotes integrin clustering 

and focal adhesion 

maturation; enhances 

mechanotransduction 
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Topography 

Category 

Subtype / 

Geometry 

Feature 

Size Range 

Adhesion 

Outcome 
Mechanistic Interpretation 

 

Ordered 

nanopits / 

nanopores 

~100–200 

nm 

Mixed: decrease 

large adhesion 

complexes but 

increase 

osteogenic 

signaling 

Restricts focal adhesion size 

but enhances signaling 

pathways (FAK-mediated) 

 Nanogratings 

<30 nm 

vs >30 nm 

height 

Threshold-

dependent: 

alignment and 

adhesion 

increase at >30 

nm 

Topography-guided 

cytoskeletal alignment and 

anisotropic force distribution 

 

Nanorough 

surfaces 

(etched) 

~50–100 

nm 

increased 

Adhesion 

Increased surface energy and 

protein adsorption enhances 

cell attachment 

Microtopogr

aphy 

Micropatterns 

(engineered 

shapes) 

0.5–15 µm 

Geometry-

dependent 

adhesion; 

increased 

spreading 

“Cell-instructive” behavior via 

spatial control of adhesion 

sites 

 Microgrooves 

50–500 nm 

depth, 

periodic 

increased 

Alignment, and 

directional 

adhesion 

Contact guidance via 

cytoskeletal reorganization 

 Micropores 0.2–8 µm 

Smaller pores 

increase 

adhesion; larger 

pores decrease 

spreading 

Optimal pore size supports 

focal adhesion anchoring 

Hierarchical 

(Micro + 

Nano) 

Combined 

micro/nano 

pits or 

roughness 

nm–µm 

combined 

increased 

adhesion and 

proliferation 

Mimics extracellular matrix 

architecture → multi-scale 

signaling 

Porous 

Topography 

Microporous / 

scaffold 

porosity 

µm–mm 

scale 

increased 

adhesion 

(optimal porosity 

dependent) 

Enhances surface area and 

nutrient diffusion; supports 

anchorage 

Laser- Micro/nano µm scale + increased Combined roughness + 
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Topography 

Category 

Subtype / 

Geometry 

Feature 

Size Range 

Adhesion 

Outcome 
Mechanistic Interpretation 

textured 

Surfaces 

roughness 

patterns 

nano 

roughness 

Adhesion chemistry modification 

improves cell interaction 

Crystallizati

on-Induced 

Topography 

Spherulites / 

banded 

morphology 

35–350 nm 

increased 

Adhesion; spatial 

localization in 

valleys 

Topography provides contact 

guidance and preferential 

adhesion zones 

Phase-

Separated 

(Demixed) 

Topography 

Nano-islands / 

domains 
3–100 nm 

increase 

adhesion 

(optimal at ~10–

20 nm) 

Height-dependent 

lamellipodia formation and 

spreading 

Gradient 

Topography 

Gradient 

nanogratings 

0–350 nm 

height 

Adhesion/orienta

tion varies with 

height 

Cells sense nanoscale 

gradients and adapt adhesion 

dynamically 

Roughness-

Dominated 

Surfaces 

Random 

roughness 
nm–µm 

Moderate 

roughness 

increases 

adhesion; 

excessive 

roughness 

decreases cell 

number 

Optimal roughness enhances 

integrin binding; excessive 

disrupts spreading 

 

Further, Disordered nanotopography is more biomimetic and enhances adhesion and 

differentiation, while ordered structures may offer reproducibility and precise control over cell 

alignment. Fabrication technique may leave its signature of surface energy and wettability, 

leading to its influence on cell adhesion. This review has critically analysed the role of surface 

topography in cell adhesion. With the current trend of rising polymeric bone implants, this 

paper throws valuable light on designing optimally prepared surfaces. Nanotopography (~10–

100 nm) with moderate microscale roughness (0.1 to 10 microns) may be the recommended 

topography for cell adhesion, based on studies included. 

 

With regard to limitations of this review, it should be noted that Roughness parameters vary 

among the studies, where Ra, Sa, and Rq were not interchangeable across them. Several studies 

report feature size instead of true roughness, and also, surface chemistry and wettability may 

act as confounders. The RoB analysis showed low to moderate bias, facilitating application of 

the findings without limitation from bias. 

 

Conclusions 

This systematic review found that surface topography played a major role in bone cell 

adhesion. Next, disordered nanotopography was found to be more biomimetic and enhanced 
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adhesion and differentiation, while ordered structures may offer reproducibility with precise 

control over cell alignment. Nanotopography (~10–100 nm) with moderate microscale 

roughness (0.1 to 10 microns) may be the recommended topography for cell adhesion, based 

on studies included. Finally, fabrication techniques may leave their signature of surface energy 

and wettability, leading to their influence on cell adhesion. 
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