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Introduction:  Polyaryletherketone (PAEK) polymers 
exhibit excellent fatigue life, and static mechanical 
properties suitable for load-bearing orthopaedic 
applications.1,2  Hydroxyapatite (HA) powder reinforce-
ment provides bioactivity and increased elastic modulus, 
but decreased fatigue life.3-5  HA whisker reinforcement 
in high density polyethylene was shown to produce a 
four- to five-fold increase in fatigue life, compared to HA 
powder reinforcement.6  Therefore, the objective of this 
study was to investigate the fatigue life of HA whisker 
reinforced polyetherketoneketone (PEKK). 

Methods:  HA whiskers were synthesized using the 
chelate decomposition method.7,8  The as-synthesized HA 
whiskers were measured by optical microscopy to have a 
length of 21.6 (+16.9/-9.5) µm, a width of 2.8 (+0.8/-0.6) 
µm, and an aspect ratio of 7.6 (+5.7/-3.2), where the 
reported values correspond to the mean (±SD) of a log-
normal distribution for a sample of 500 randomly selected 
whiskers.  PEKK powder with a mean size of ~70 µm was 
used as-received (Oxford, OXPEKK-C). 

PEKK composite specimens with 20 and 40 vol% HA 
whisker reinforcement were processed by co-dispersing 
the appropriate amounts of HA whiskers and PEKK 
powder in ethanol using ultrasonication.  The suspensions 
were then consolidated using vacuum filtration.  The 
powders were dried overnight and densified into a pre-
form at 32 MPa.  The pre-forms were then placed into the 
center of an open channel die and heated to 370-375ºC.  
Composite test bars with nominal dimensions of 2.6 x 10 
x 125 mm were compression molded.  The composite test 
bars were machined into 35 mm sections and then 
annealed in a forced convection oven at 200ºC for 4 h.  
The oven was cooled to 150ºC over 4 h to allow for 
recrystallization of the polymer.   

Fatigue testing was performed using methods adapted 
from ASTM D6272.9  Specimens were loaded in four-
point bending at 4 Hz using a support span of 28 mm and 
a load span of 14 mm.  Testing was performed under load 
control (R = 0.1) in phosphate buffered saline at 37ºC.  
Run out was defined to be 7.0·106 cycles and 2.0⋅106 
cycles for 20 vol% and 40 vol% HA reinforcement, 
respectively. 

Results:  The fatigue life of PEKK reinforced with 20 
vol% HA whiskers was several orders of magnitude 
greater than that with 40 vol% HA whiskers (Fig. 1).  
Whisker debonding and pullout were observed on the 
fracture surfaces (Fig. 2).  Specimens reinforced with 20 
vol% HA whiskers, and loaded at a stress amplitude of 
60-90 MPa, experienced a mean (±SD) stiffness loss of 
2.5 (±3.6) %, and creep strain of 0.09 (±0.09) %. 
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Figure 1. S-N diagram for PEKK reinforced with (a) 20 
vol% and (b) 40 vol% HA. 

 
Figure 2. SEM micrographs of PEKK reinforced with 20 
vol% HA whiskers loaded at 60 MPa for 2.5⋅106 cycles, 
showing whisker debonding and pullout. 

Conclusions:  A fatigue life of over one million cycles 
was observed for PEKK reinforced with 20 and 40 vol% 
HA whiskers at a stress amplitude 65 and 40 MPa, 
respectively.  PEKK reinforced with 20 vol% HA 
exhibited relatively little stiffness loss or creep strain 
during fatigue testing.  Testing of additional specimens is 
ongoing. 
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