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Introduction: DurationTM Stabilized Polyethylene 
(Stryker Howmedica) has been the precursor of modern 
highly crosslinked polyethylenes in total hip joint 
arthroplasty [1]. DurationTM Polyethylene was subjected 
to gamma sterilization in low-oxygen blisters and post-
irradiation annealing to promote crosslinking and free 
radical recombination [1-2]. Thus, DurationTM 
components were anticipated to exhibit enhanced 
oxidative stability and increased crosslink density -and 
therefore superior wear resistance- than historical, 
gamma-irradiated in air, components.  Previous studies 
have reported lower in vitro and radiographic wear rates 
for DurationTM acetabular inserts [3-4]. However, it is 
unclear whether the wear reduction, with its potential 
benefit to bone stock, and the oxidative stability of 
DurationTM are maintained after long-term implantation. 
Our objective was to assess the clinical, wear and 
oxidative performance of DurationTM polyethylene 
acetabular inserts retrieved after long-term implantation. 
 
 
Methods and Materials: As part of our multicenter 
retrieval program, 12 Anatomique Benoist Girard (ABG; 
Stryker Howmedica) polyethylene acetabular liners were 
collected after revision surgery (4 historical, ABG I, and 8 
DurationTM, ABG II, polyethylene). The cementless, 
hydroxyapatite coated, ABG hip prosthesis was one of the 
first systems to evolve from a historical to a moderately 
crosslinked (DurationTM) polyethylene component [1, 3-
7]. Clinical information was available for both patient 
cohorts, including implantation times, patient 
demographics, revision reason and the incidence of 
osteolysis.  All the acetabular retrievals were clean and 
photodocumented. Loaded (superior) and unloaded 
(inferior) regions of the polyethylene liners were 
identified by visual inspection. The thicknesses of both 
superior and inferior regions were mapped using a digital 
point micrometer (resolution 0.001 mm). Femoral head 
penetration was computed as the difference between the 
average inferior and superior thicknesses. FTIR oxidation 
analysis was carried out on polyethylene sections (150-
200 microns thick) microtomed from the retrieved 
acetabular inserts. To avoid the interference of absorbed 
lipids, polyethylene sections underwent heptane 
extraction (6 hours) prior to oxidation assessment. 
Maximum oxidation indexes were calculated per ASTM 
F2102 at the rim, bearing and backside of the acetabular 

liners. Additionally, crystallinity contents were computed 
from infrared spectra to evaluate changes in 
microstructure triggered by oxidative chain scission. 
Crystallinity percentages were obtained applying the 
following formula: 
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where A1897 and A1303 represent the areas under the peaks 
centered at the corresponding absorption frequencies [8]. 
As a measure of the progression of recrystallization 
processes, a recrystallization percentage was defined as 
the difference between the crystallinity percentages at the 
most and least oxidized areas for the regions of interest. 
 
 
Results: Historical, ABG I, polyethylene liners were 
implanted for an average of 18.2 (14.0 – 21.3) years, 
whereas DurationTM, ABG II, polyethylene components 
were in vivo a mean of 12.3 (4.3 – 18.5) years. Reasons of 
revision of ABG I liners included polyethylene wear 
(n=1), pain (n=1), osteolysis (n=1), and loosening (n=1). 
In the case of retrieved ABG II acetabular inserts, 
loosening (n=3), pain (n=1), periprosthetic fracture (n=1), 
abscess (n=1), osteolysis (n=1) and polyethylene wear 
(n=1) motivated the revision surgery. Evidence of 
osteolysis was reported in three (n=3) of the patients 
implanted with historical ABG I acetabular liners and in 
five (n=5) of the patients implanted with DurationTM 
polyethylene components. All the historical polyethylene 
acetabular liners exhibited either rim damage or 
delamination near the loaded region of the insert. On the 
contrary, ABG II liners exhibited no sign of rim damage 
or delamination, except for one case. Historical ABG I 
polyethylene liners had higher femoral penetration (0.10 ± 
0.05 mm/year) than DurationTM ABG II inserts (0.07 ± 
0.06 mm/year). However, the difference in femoral 
penetration was not statistically significant (p=0.35; 
Student´s t-test). Oxidation results confirmed higher 
average maxima indexes for historical polyethylene in rim 
and bearing regions (Figure 1), although these differences 
were not statistically significant, except for the bearing 
inferior region (p=0,0013). Nevertheless, some 
DurationTM acetabular retrievals exhibited high oxidation 
(OI > 3) at the rim near loaded areas and generally 
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increasing oxidation with implantation time (Figure 2). 
According to our FTIR crystallinity data, historical 
retrievals exhibited higher average crystallinity maxima in 
all regions. Likewise, recrystallization percentages were 
also higher in historical polyethylene retrievals (Table 1) 
 
Discussion: Lower femoral penetration and the general 
absence of rim and delamination damage suggest 
DurationTM polyethylene inserts achieved superior wear 
resistance than historical components even in the long-
term. However, this difference in wear performance was 
not significant as the power of our dataset was 14% and 
the least significant number of samples was 51. In 
addition, reasons of revision and the lower incidence of 
osteolysis in patients implanted with the DurationTM 
(ABG II) acetabular inserts also point out the deleterious 
effects of polyethylene wear were mitigated to some 
extent. Regarding oxidation, historical and DurationTM 
polyethylenes appear to have a similar behavior, as no 
significant differences were found in maxima FTIR 
oxidation indexes, except for the bearing inferior region. 
These findings suggest the post-irradiation annealing was 
not effective in providing DurationTM polyethylene liners 
with improved oxidative stability compared to historical 
components. However, FTIR crystallity data indicate that 
recrystallization processes were dominant in historical, 
but not in DurationTM retrievals, even taking into account 
the difference in implantation time. The annealing 
strategy was also believed to promote additional 
crosslinking in DurationTM polyethylene, which could 
hinder microstructure rearrangements triggered by 
oxidation. Overall, DurationTM components appear to 
succeed as far as wear-related properties are concerned, 
but its success is limited regarding oxidative stability and 
oxidation-induced microstructure changes.  
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Figure 1. Maximum ASTM oxidation indices of historical and 
DurationTM polyethylene retrievals 

 
Figure 2. Evolution of oxidation with implantation time for acetabular 
polyethylene retrievals. 
 
 

RECRYSTALLIZATION (%) 

 Rim 
Superior 

Rim 
Inferior 

Bearing 
Superior 

Bearing 
Inferior 

Historical 10,4 ± 6,8 18,3 ± 11,0 16,7 ± 9,7 6,7 ± 4,7 
DurationTM 6,0 ± 8,1 7,0 ± 7,5 7,0 ± 9,0 4,5 ± 5,9 

 

Table 1. Recrystallization percentages in retrieved historical and 
DurationTM  polyethylene acetabular liners. 
 
 


