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A Cost-Effective Approach to Enhance PEEK Roughness and Osteoblast Adhesion Using Sodium Chloride as a Pore-Forming Agent

INTRODUCTION

• Polyeth er ether ketone (PEEK ) is  a th ermoplasti c polymer that mimics the 

biomechanical prop erties of  b one. 1

• However, applications are li mited by its bio-inert p roperties  which inh ibit os teoblast 

adhesion and di fferentiati on.2

• Fu nctionaliz ation methods like laser etch ing, plasma treatments, and sandbl asting are 

cos tly an d requ ire specializ ed equipmen t.3

• The goal of th is stu dy is  to use s odium chlorid e (NaCl) as a cost-effective meth od to 

enhance th e porosi ty, rough ness, and cell ad hes ion to PEEK . 

• Pore siz e and percen tage can be controlled by adjus tin g the NaCl particle size an d 

amoun t in  the PEEK powder durin g implant fab rication .4

• We hypoth esiz e that incorporating NaCl crystal s into PEEK powder will generate pores  

on the s urface of  the prep ared discs, mimickin g osteoc last resorpti on pits an d promoting 

bon e formation.

METHODS

• NaCl powders were f inely ground and hand-sieved usi ng a 30 µm stain less  s teel sieve.

• PEEK granules were mi xed with 0% to 50% (by mas s) of  30 µm NaCl .

• A two-layer pellet, cons isti ng of  a 50% NaCl/PEEK mixture and  p ure PEEK, was pl aced 

in to a metal mold, pressed, and sintered at 380°C for 10 minutes .

• Disc samp les (Ø 10 mm × 2.5 mm) were formed, and the porogen was removed by 

leachin g in  d eion ized water for 48 hours .

• We succ essfully created porou s PEEK usin g the NaCl leachin g m ethod. 

• Osteoblast adhesion  was  enh an ced  with  increased poros ity due to higher NaCl conten t 

duri ng PEEK discs  fab rication . 

• Inc reased  s urface p orosity led to greater rough ness without af fec tin g h ydrop hilic ity.

• Wh ile su rface poros ity en hanced cell ad hes ion, it  h ad  n o impact on th e metabol ic 

activi ty of human  osteoblasts . 

• Addi tion all y, in creased surface porosity enhanc ed ALP activi ty an d calcium  dep ositi on, 

wh ich  m ay sup port bon e form ation on  PEEK impl an ts. 

• Fu rther work focused  on  enh an cin g PEEK poros ity an d roughness by explorin g dif ferent 

NaCl crystal  s izes, could h elp id entify th e optimal pore size for osteointegration  of PEEK.

RESULTS

CONCLUSION

Figure 2: The wettability of PEEK dis cs 

remained un changed wi th in creasin g 

NaCl concentrations, except at 50%, 

wh ere large pores trapp ed air, in creasin g 
hydroph obici ty (n=5).
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Figure 3: The surface roughn ess of 

PEEK dis cs in creases wi th hi gh er NaCl 

con tent, peaki ng at 25% and 50% NaCl, 

wh ich results in hi gh er surfac e porosi ty 
(n=2).

0

10 000

200 00

3000 0

400 00

5000 0

600 00

0 0. 1 2.5 5 10 25 50 TC P

A
d

h
er

ed
 c

el
ls

 a
t 

16
 h

ou
rs

NaCl  Content  (% )

0. 00

0. 10

0. 20

0. 30

0. 40

0. 50

0. 60

C
a

lc
iu

m
 d

ep
o

s
it

io
n

(O
D

 =
 5

5
0

 n
m

)

NaCl  Content

0% 1% 2.5% 5% 10% 25% 50%

0. 00

1. 00

2.0 0

3.0 0

A
L

P
 a

ct
iv

it
y

(O
D

 =
 4

0
5

 n
m

)

NaCl  Content

Day 5 Day 7

0. 00

1. 00

2.0 0

3.0 0

4.0 0

TC P 0 1 2.5 5 10 25 50

A
la

m
a

rB
lu

e
 c

o
n

v
e

rs
io

n
(O

D
 =

 5
70

 n
m

)

NaCl  Content (% )

Day 1 Day 3 Day 7

RESULTS

Figure 1: PEEK di scs fabrication method diagram.

• Wettab ility was assessed  through contact angl e measurement.

• Surface roughn ess was evaluated usi ng a 3D optical profilometer.

• Osteoblast adhesion  was  analyzed usin g Trypan Blue quantification.

• Cell  p roliferation was measured vi a AlamarBlue ass ay.

• Differentiation was determined by al kali ne ph osphatase activity and calc ium d eposi tion .

Figure 4: Photom icrographs of surfac e topograph y of PEEK dis cs wi th 

in creased con centrations of NaCl. Red represents hi gh peaks. 
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Figure 5: Cell adhesion at 16 hou rs 

increases wi th NaCl concentration, wi th 

50% NaCl con tent exh ibiting three times 

the nu mber of adhered cells compared 
to the non-porous PEEK (n=2).

Figure 6: Osteoblast Proliferation 

sh ows similar AlamarBlue con version 

levels across all samp les, indicati ng no 

signi ficant effect of PEEK porosi ty on 
osteobl ast proli feration (n=3).

Figure 7: ALP activi ty of osteobl asts 

cu ltured on PEEK wi th varyin g NaCl 

content/porosi ties sh owing a sli gh t 

in crease at 5%, 10%, and 25% NaCl 
(n=2).

Figure 8: Cal cium deposition by 

osteobl asts cu ltured for 7 days on PEEK 

dis cs sh ows a trend of increased mineral 

deposition as NaCl con tent/porosi ty 
increases (n=2).

Figure 9: Cal cium deposition by osteobl asts cu ltured for 7 days on PEEK dis cs usi ng 

Aliz ari n red stai ning (ARS). 
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