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Background: The average age of patients benefiting from total hip arthroplasty (THA) has been declining.
In addition to pain relief, patients seek to return to physical activity. However, the latter may increase
polyethylene wear and therefore the potential risk of early aseptic loosening. The introduction of highly
crosslinked polyethylene (HXLPE) has reduced wear rates in the general patient population. The
objective of this study was to evaluate the influence of impact sports in patients operated with THA using
ceramic-on-conventional polyethylene (cPE) versus ceramic-on-HXLPE, in terms of wear and function,
with a minimum of five year follow-up.
Methods: Sixty-eight patients practicing an impact sport (University of California Los Angeles score �8)
who underwent a primary THA were included: 34 with a ceramic-on-cPE versus 34 with a ceramic-on-
HXLPE using the same cementless acetabular and femoral component. Patients were matched-paired by
age, sex, BMI, and University of California Los Angeles score. The wear analysis was performed using the
IMAGIKA software. The Harris hip score and hip and osteoarthritis outcome score were collected.
Results: The linear wear rate was statistically higher (P < .0001) in the cPE group (0.13503 ± 0.0630 mm/
year) than in the HXLPE group (0.03059 ± 0.0084 mm/year). Postoperatively, the increase in Harris hip
score was calculated at 37.64 for the entire cohort and was comparable in both groups (P ¼ .3674). The
hip and osteoarthritis outcome score for pain (P ¼ .0009), daily life activities (P ¼ .0016), and quality of
life (P ¼ .0179) were significantly higher in the HXLPE group, with, between groups, a difference inferior
to the reported minimal clinical important difference. Three patients exhibited signs of periprosthetic
osteolysis in the cPE group, one on the femoral side and two on the acetabular side. None were observed
in the HXLPE group. No revision for aseptic loosening was reported in both cohorts.
Conclusion: Patients partaking in impact sports and receiving a ceramic-on-HXLPE THA demonstrated
lower wear and osteolysis rates than those having a ceramic-on-cPE THA, with similar functional results.
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Total hip arthroplasty (THA) is one of the leading success stories
of modern day orthopedic surgery, it promotes a significant
improvement in quality of life [1,2]. With the development of ma-
terials, techniques, an aging population, and the expansion of in-
dications, an increase of 174% is anticipated in the practice of THA in
the United States from 2005 to 2030 [3]. This evolution of practice
has led to a positive health gain of the patient population. Patients’
expectations have therefore changed, and the resumption of
sporting activity is now a major objective within this younger
population [4,5].

THA allows a significant increase in recreational sport practice
[6], which in turn has a positive impact on the overall health of
patients as well as their life expectancy [5,7,8]. The practice of
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Fig. 1. Flow chart.
sustained physical activity is, however, associated with premature
wear of the polyethylene [9e11], which is believed to be worsened
by impact sports practice [12]. The inflammation generated by the
wear debris causes a periprosthetic osteolysis, which leads to
decreased implant survivorship by aseptic loosening [12e14].
Developed in the early 2000s, highly crosslinked polyethylene
(HXLPE) has drastically reduced wear rates [15,16]. However, as no
study has demonstrated its safety in terms of wear and survivor-
ship, the contraindication for impact sports practice after THA has
remained the rule [5,17].

Based on the current data in literature, our hypothesis was that
the use of HXLPE significantly reduces polyethylene wear rates
compared with cPE in patients involved in impact sports practice.
The primary objective of this study was to evaluate the poly-
ethylene wear rates in such high-demand patients, operated on
with THAusing ceramic-on-conventional polyethylene (cPE) versus
ceramic-on-HXLPE with a minimum of five year follow-up. The
secondary objectives were to evaluate 1) periprosthetic osteolysis,
2) aseptic loosening, and 3) function based on the type of poly-
ethylene used.
Material and Methods

Patients

From a prospectively collected database in our center between
January 1st, 2010 and May 1st, 2015, 1245 primary THAs were
identified. Of this group, 447 patients met the inclusion criteria: the
completion of a primary THA using the Watson-Jones anterolateral
approach, the use of the same Symbios cementless acetabular and
femoral implants, the use of a ceramic-on-polyethylene bearing,
and patients aged between 18 and 75 years at the time of surgery
and a minimum of five years follow-up. Patients who underwent
surgery for the following indications were excluded: femoral neck
fracture, congenital hip dislocation, and hip dysplasia worse than
Crowe stage I. A history of infection or of surgery on the operated
hip was also an exclusion criterion, and 53 patients were thus
excluded.

Selected patients were divided into two groups as per the type
of bearing involved, ceramic-on-cPE or ceramic-on-HXLPE. Uni-
versity of California Los Angeles (UCLA) scorewas used to assess the
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Fig. 2. Sport practice.
physical activity level of the participants [18]. We identified 34
patients involved in impact sports in the HXLPE group, character-
ized by a UCLA score of 9 or 10. To obtain homogeneous groups,
each patient in the HXLPE group was computer-matched with one
patient from the cPE group, based on sex, age (þ/� 2 years), body
mass index (BMI, kg/m2), and UCLA score (Fig. 1). The type of sport
practiced by the patients is shown within Figure 2.

The Watson-Jones anterolateral approach was used for the im-
plantation of the total hip prosthesis. A preoperative three-
dimensional implantebased low-dose CT scan of the lower limbs
was used to determine ideal implant positioning, by taking into
account the native offset, the native femoral neck version, and
lower limb length. A titanium cementless acetabular implant and a
cementless custom femoral stem, both covered with hydroxyapa-
tite, were implanted in all patients (Symbios, Yverdon,
Switzerland). The implanted polyethylene was either conventional
(cPE) or highly crosslinked (HXLPE). The choice of polyethylene
used was based on its availability in our center. The acquisition of
HXLPE for Symbios implants dates back from the end of 2012. At the
time of use, a number published series had already supported a
reduction in terms of wear rates when HXLPE was used [15]. All
patients operated on after this date benefited from it and the use of
cPE stopped. Preoperative information was provided on the type of
polyethylene to be used. Ceramic femoral heads were used, with a
Table 1
Demographics.

Characteristics cPE

Sex (male) n (%) 24 (70.59)
Age mean ± SD (range), y 56.24 ± 9.96 (35-71)
BMI mean ± SD (range), kg/m2 24.82 ± 3.98 (17.52-33.12
Head size 32 n (%) 9 (26.47)
Operated side (right) n (%) 19 (55.88)
Preoperative HHS mean ± SD (range) 54.09 ± 13.28 (22-78)
UCLA score mean ± SD (range) 9.35 ± 0.49 (9-10)
ASA score mean ± SD (range) 1.26 ± 0.45 (1-2)
Follow-up mean ± SD (range), y 8.76 ± 0.83 (7.67-10.25)

BMI, body mass index; HHS, Harris hip score; UCLA, University of California Los Angeles
28- or 32-millimeter diameter. The head sizewas chosen in relation
to the acetabular implant diameter, and the largest possible
diameter was selected for each case. The following demographic
characteristics were collected for all patients: sex, age, weight,
height, BMI, and American Society of Anesthesiologists score
(Table 1).

Radiological Study

Radiographic analysis was performed based on frontal pelvic
radiographs and on frontal and lateral radiographs of the operated
hip. The radiographs taken at one-year checkup were used as a
reference, to account for the bedding-in phenomenon. Further ra-
diographs were taken at the last follow-up appointment, after
which the patients answered the questionnaires. Most of these
radiographs (45/68, 66.18%) were directly collected in digital JPEG
format. The X-rays captured on radiographic films were digitized
using a high-density scanner (SIERRA Advantage VIDAR Systems
Corporation, Herndon, VA) and then converted into JPEG format.

Polyethylene wear was measured using the IMAGIKA software
(GSI Medical, Neuilly sur Seine, France). The reproducibility and
reliability of this software have already been validated [19]. Each
measurement was performed by two experienced observers
(blinded for review), twice, two days apart. The duration of follow-
HXLPE P-Value

25 (73.53) .7869
55.74 ± 7.39 (34-65) .8137

) 24.67 ± 3.62 (18.94-36.61) .8677
11 (32.35) .601
15 (44.12) .3314

56.53 ± 7.46 (36-72) .0938
9.41 ± 0.49 (9-10) .6239
1.15 ± 0.36 (1-2) .2276
6.39 ± 0.78 (5.25-7.75) < .0001

; ASA, American Society of Anesthesiologists.



Table 2
Results: Harris Hip Score (HHS).

Characteristics cPE HXLPE P-Value

Preoperative HHS mean ± SD (range) 54.09 ± 13.28 (22-78) 56.53 ± 7.46 (36-72) .0938
Postoperative HHS mean ± SD (range) 90.47 ± 9.52 (68-98) 97.44 ± 2.97 (89-100) .0001
Delta mean ± SD (range) 36.38 ± 14.18 (2-63) 38.91 ± 7.94 (24-63) .3674
up was significantly longer in the cPE group (P < .0001): to stan-
dardize the results, wear was reported as wear rate per year, and
expressed in millimeters per year.

Periprosthetic osteolysis was investigated for on each X-ray.
Femoral osteolysis was defined by the appearance of a radiolucent
edging greater than 2 millimeters in width, in one of the seven
zones described by Gruen et al [20]. The stability of the femoral
implant was evaluated as per the criteria of Engh et al [21]. The
implant was considered loose in the event of a collapse greater than
2 millimeters or of a change in axis greater than 2 degrees. The
stability of the acetabular implant was evaluated as per the Massin
et al method [22]. The migration of the implant was characterized
by a difference in orientation of greater than 3 degrees between the
two baseline radiographs.

Clinical Study

A questionnaire was posted to each patient or carried out by
telephone when they were unreachable. UCLA score, Harris hip
score (HHS) [23] and the hip and osteoarthritis outcome score
(HOOS) were conducted [24,25]. The HHS score was also collected
preoperatively (Table 1) and used to assess the functional capabil-
ities after THA. The HOOS scorewas used to assess the quality of life
associated with having a total hip prosthesis. This score is divided
into five sections: pain, symptoms, daily life activities, sport
participation, and quality of life. An online calculator was used to
estimate each section separately, with values estimated on a scale
of 1 to 100 (www.orthotoolkit.com/hoos/).

Statistics

Before initiating the study, a sample size analysis was performed
to estimate the number of patients necessary to obtain a 90% sta-
tistical power. 30 patients by groups were needed to distinguish a
difference in linear polyethylene wear >0.03 ± 0.05 mm/y between
groups. A post hoc analysis also confirmed that 34 patients by
group were sufficient to distinguish a difference between groups
superior to the published minimal clinical important difference
(MCID) of the HOOS and HSS scores [26,27]. Data were represented
as mean values with ranges. Chi-squared tests were used to
compare binary variables (demographic data) in the two groups.
After verification of Gaussian distribution, parametric or nonpara-
metric tests were used to compare continuous parameters between
groups. To estimate the effect of demographic factors onwear rates,
a multivariate model was constructed including parameters asso-
ciated with linear wear in the univariate analysis (P < .2).

Statistical analysis was performed with the use of SSPS software
(IBM; Armonk, New York).

Results

Radiological Study

The linear wear rate of the cPE group (0.13503 mm/year
±0.0630, range 0.05226-0.26976) was significantly greater (P <
.0001) than that of the HXLPE group (0.03059 mm/year ±0.0084,
range 0.01553-0.04588). The mean difference between the two
groups was 0.10445 ± 0.01090. No evidence of periprosthetic
osteolysis was found on the radiographs of the patients belonging
to the HXLPE group. Three patients in the cPE group presented with
radiological signs of osteolysis, one patient on the femoral side and
two on the acetabular side. However, no radiological sign of
implant loosening was noted. All reported no clinical symptoms,
and no revision for aseptic loosening was performed in the cohort.
No prosthetic dislocations or periprosthetic fractures occurred in
either group.

Once all parameters were included, the multivariate analysis
identified two independent risk factors for polyethylene wear:
whether it was highly crosslinked polyethylene or not (P < .0001)
and BMI (P ¼ .04131).
Clinical Study

No significant differences were found between the two groups
concerning preoperative HHS (P ¼ .0938). The postoperative score
was significantly higher in the HXLPE group (P ¼ .0001) with an
average difference between the two groups of 6.9706 ± 1.7116
(Table 2). The difference between preoperative and postoperative
HHS was comparable between the two groups (P ¼ .3674).

The sections of the HOOS describing symptoms and sports
practice were comparable between the two groups (P ¼ .0626 and
P ¼ .8562, Table 3). Concerning the pain section, the score was
significantly better in the HXLPE group than in the cPE group (P ¼
.0009), with an average difference of 6.25 ± 1.79. Similar results
were found for the sections describing daily life activities and
quality of life (P ¼ .0016 and P ¼ .0179), with respective mean dif-
ferences of 5.89 ± 1.79 and 3.96 ± 0.95. The averages of the five
sections were all superior to 90 points.
Discussion

The main finding of this study is the reduced wear by the use of
HXLPE comparedwith cPE in patients practicing impact sports after
THA. This is in keeping with our initial hypothesis and supports its
validation. The correlation between polyethylenewear and physical
activity has been established for almost 30 years [9,10]. It is known
that wear rate increases with the intensity of the practiced sport
[12]. The critical linear wear threshold has been estimated between
0.1 mm and 0.2 mm/y [13,14], above which osteolysis is feared.
With an average linear wear rate of 0.03059 mm/y ±0.0084, along
with the absence of periprosthetic osteolysis, the present study
demonstrates that the use of HXLPE could support the practice of
impact sports after THA without adverse consequences on implant
survivorship.

The resumption of a sporting activity after THA is a major
objective for young and active patients [4,5]. Such patients are
more likely to resume impact sports, usually against their surgeons’
advice [28e30]. However, Ollivier et al showed a drastic increase in
cPE wear with impact sports practice with an average linear wear
rate of 0.14 mm/y [12]. Implant survivorship was thus significantly
reduced, 80% after 15 years of follow-up versus 93.5% for less active
patients. Gschwend et al study focused his report on the practice of
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Table 3
Results: Hip and Osteoarthritis Outcome Score (HOOS).

Characteristics cPE HXLPE P-Value

Pain mean ± SD (range) 91.84 ± 9.89 (65-100) 98.09 ± 3.37 (87.5-100) .0009
Symptoms mean ± SD (range) 92.79 ± 8,18 (75-100) 96.10 ± 6.07 (75-100) .0626
Daily life activities mean ± SD (range) 91.52 ± 9.75 (68.8-100) 97.48 ± 3.58 (89.7-100) .0016
Sport practice mean ± SD (range) 92.17 ± 11.67 (62.5-100) 91.74 ± 7.64 (75-100) .8562
Quality of life mean ± SD (range) 93.11 ± 7.76 (75-100) 97.07 ± 5.15 (81.3-100) .0179
off-track skiing after THA, and this further supports these results
[31]: the cPE wear rate was calculated at 0.21 mm/y, with 26.6% of
periprosthetic osteolysis at 10 year follow-up. This present study
demonstrates patients practicing high-impact sports with cPE
showa lower wear rate calculated at 0.13503mm/y ±0.0630, with 3
patients demonstrating periprosthetic osteolysis (8.8%), but rely on
a relatively shorter follow-up. These values are still greater than the
critical threshold of 0.1 mm/y estimated by Dumbleton et al [13].
Reducing wear rates thus emerges as a key issue for high-demand
patients.

Developed in the early 2000s, HXLPE has led to a reduction in
wear rates [32,33]. This has been evidenced by two randomized,
double-blind clinical trials comparing wear rate of cPE and HXLPE
[15,16], demonstrating a 5- to 9-fold reduction of wear rates in the
general population. A decrease in the infection rate was even re-
ported by Vertullo et al [34]. The clinical results, periprosthetic
osteolysis, and implant survivorships are comparable with those
found with ceramic-on-ceramic bearings [35,36]. As for impact
sports, Abe et al did not notice an increase in wear rate with the
practice of jogging [37]. In their 15-year follow-up retrospective
study, Rames et al found a HXLPE linear wear rate of 0.0297 mm/y
among impact sports participants, with no significant difference
when less active patients were involved [38]. Gaudiani et al found
similar results, with a linear wear of 0.032mm/y and a survivorship
rate of 100% with a 14 year follow-up among a young and athletic
patient cohort [39]. With a HXLPE linear wear of 0.03059 mm/year
±0.0084 mm/y without periprosthetic osteolysis, the results of this
present study comparing two groups of patients implanted by the
same surgeon with the same approach and using the same im-
plants, only differing by the type of polyethylene are consistent
with the literature. Impact sports practice after THA therefore ap-
pears to be safe as long as HXLPE is used.

Furthermore, sport practice after THA is a source of satisfaction
for patients. The literature shows significant increased clinical
scores after THA in young and athletic patients, with HHS exceeding
90 points [15,33,38,39]. The present study results corroborate those
findings, the mean postoperative clinical scores of the patients
being greater than 90/100 for all studied parameters. The post-
operative HHS as well as the HOOS sections on pain, daily activities,
and quality of life, were significantly higher in the HXLPE group.
However, the average difference between the two groups did not
exceed the MCID for each of them [26,27]; the clinical results can
therefore be considered as comparable. The health benefits of
physical activities are also well documented [7]. Low-impact sports
practice after THA is therefore usually recommended by most
surgeons [5,17,40,41].

The rate of return to sport is estimated at 61.4% after total knee
or hip arthroplasty, particularly in young patients and when low-
impact sports are involved [42]. The resumption of sport after
THA depends more on the patient than on the implant [43,44].
Those individuals not resuming sport practice is therefore rarely
attributed to implant-related pain: some of the most commonest
cited examples are the fear of premature wear, (now drastically
reduced with HXLPE), the fear of injury, and the operating sur-
geons’ recommendations [37,44,45]. The fear of a periprosthetic
fracture is often invoked as a barrier for resuming sports activities
after THA. However, no study has established an increased risk of
fracture in patients with THA participating in impact sport
compared with the general population [46e49]. Similar conclu-
sions have been drawn regarding the prosthetic dislocation rate,
however, reported rates are either equivalent or even reduced
when patients practice intense physical activities [46,47].
Regarding surgeons’ recommendations, young and active patients
are less susceptible to follow them. It is also observed that clinical
satisfaction does not correlate with decreased implant survivorship
when cPE is used. Mont et al highlighted an excellent satisfaction
rate in patients who returned to tennis after THA, despite an
increased reintervention rate [29]. All patients returned to singles
tennis, although 86% of surgeons were in opposition. The same
trend can be found in the studies by Ollivier et al and Gschwend
et al [12,31] who showed a higher satisfaction rate despite lower
implant survivorship in active patients. Athletic and motivated
patients are thereforewilling to resume impact sports practice after
THA, despite their surgeon’s objection [5,17,40,41], rather than the
capability of the THA implants [46,47,50]. With the contribution of
HXLPE, this practice could be carried out without risk of premature
wear.

The present study presents some limitations. First, there is a
noticeable difference in the follow-up duration between the two
groups. This can be explained by the fact that the acquisition of
HXLPE in our center dates back from the end of 2012: all patients
operated on after this date benefited from it. Because it was
impossible to avoid this bias, we studied the results focusing on
linear wear only. This may also explain the lower values of certain
clinical scores in the cPE group, although the difference did not
exceed the MCID. Second, the overall average follow-up of 7.25
years may appear low in the context of a study on the longevity of
prosthetic implants. For this reason, we have chosen not to use
implant survivorship as the main end point. Based on previous
published literature, we are however able to estimate the risk for
osteolysis and aseptic loosening in accordance with polyethylene
wear values: those pertaining to the HXLPE group remain below
the critical threshold of 0.1 mm/y defined by Dumbleton and al [13].
Finally, the low number of patients in our cohort could be criticized.
However, it remains sufficient in light of the calculation of statis-
tical power that we carried out before the completion of the study.
Furthermore, the present study is the first to directly compare wear
of conventional and highly crosslinked polyethylene in patients
participating in impact sports using the same implants with the
same approach. It should be noted that in comparison only a
smaller proportion of patients is concerned by impact sports
practice, and it is therefore difficult to obtain larger numbers of
patients with a sufficient follow-up within this niche group.
However, with populations matched by age, sex, BMI, UCLA score,
our results are comparable on all parameters studied, and our re-
sults remain relevant.

In conclusion, the evolution of techniques and equipment has
made it possible to reduce polyethylene wear rates and increase
prosthetic implant survivorship. The present study is the first to
compare cPE and HXLPE wear rate in patients participating in



impact sports. The contraindication of these activities after THA is
mainly supported by the results obtained with cPE. The results of
our study bring a new perspective that may challenge current
practices.
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