
The purpose of this prospective study was to
determine the clinical outcomes of patients who had
total hip arthroplasties with a zirconia (Zr) - Hylamer
pairing. Fifty-eight consecutive cemented total hip
arthroplasties with a Hylamer cup and 22.25 mm Zr
head were examined for component wear and failure.
The SF-36 and Mayo hip score were used to evaluate
patient outcome. Regression and Kaplan Meier sur-
vival analyses were used to determine outcome. The
mean Mayo postoperative score was 94 points. The
median post-operative SF-36 score was 84 points. The
mean rate of wear was 0.097 +/- 0.02 mm/year, with
no evidence of loosening or significant osteolysis at a
minimum follow-up of 5 years. Kaplan-Meier survival
analysis was 98% at 3-year follow-up and 94% at 5-
year follow-up. This study has confounded previous
reports relating to Zirconia-Hylamer counter-surface
components.

Keywords : total hip arthroplasty ; Hylamer ; zirconia ;
head penetration rate.

INTRODUCTION

The longevity of total joint arthroplasty relies on
articulating surfaces that are durable and produce
little polyethylene debris, reducing osteolysis and
loosening. Acetabular and femoral head compo-
nents have been investigated as to which combina-
tion produces the least friction and wear. In an
effort to improve wear characteristics of the acetab-
ular liner, Hylamer was introduced as an alternative

to ultra high molecular weight polyethylene
(UHMWPE). (DePuy-DuPont Warsaw, IN, USA)
In vitro studies demonstrated better wear properties
with an increased modulus of elasticity and greater
compressive yield strength of Hylamer as compared
with conventional UHMWPE (16,30,41). Several
studies examining the use of Hylamer with CoCr,
stainless steel and alumina ceramic femoral heads
have yielded results that did not reach the potential
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of the initial in vitro trials and have been concern-
ing (1,11,25,43). Zirconia (Zr), a second generation
ceramic was introduced as an ideal counterface for
Hylamer in an effort to improve longevity of
implants. The tribological characteristics of Zr
make it an ideal articulating surface with low fric-
tion and wear characteristics in addition to
improved strength and durability when compared
with other ceramics (6,9,24,51). Concern over the
failure of Hylamer as a counter-surface to these
materials, however, resulted in it being withdrawn
from the market, raising concern that all Hylamer
implants should be withdrawn.

Many studies have demonstrated poor results
or catastrophic failure with Zirconia femoral
heads (1,29,34,59). This material has been studied
extensively in the literature (6,7,13). Clarke et al
reviewed its use in orthopaedics and expressed
some concern over the dearth of studies at that time,
detailing its clinical history (13). Hammadouche et
al noted in 2002 that they could only find two
studies that demonstrated favourable clinical results
with the use of zirconia balls (29). Allain et al aban-
doned the use of zirconia heads having reviewed
their results over eight years in combination with a
polyethylene cup and titanium stem (1). Stewart et
al recommended that given the adverse results of
their study, a zirconia femoral head should not be
combined with an alumina acetabular insert in a
clinical setting (59). However, the combination of
zirconia and Hylamer has not shown evidence to
date of failure that is significantly greater than other
counter surfaces.

The current authors examine the clinical and
radiographic outcomes when these components
were used in combination in a select cohort of
patients under 50 years. In addition, the influences
of component sterilization, component shelf life,
patient age, gender, laterality and diagnosis on rates
of wear in this cohort are examined. The authors
also examine critically the mounting evidence
against Hylamer components, and attempts to
determine, in light of data presented, whether
patients in whom Hylamer and zirconia have been
implanted should have follow-up at more frequent
intervals than those patients in whom non-Hylamer
components have been implanted.

MATERIALS AND METHODS

A prospective study was conducted. The cohort being
studied were those patients who from 1996 to 1997 had
a total hip arthroplasty using a Hylamer cup with a Zr
femoral head. There were 51 consecutive patients in total.
Forty-seven patients with 58 arthroplasties were included
in this prospective study of which there were 33 right hips
and 25 left hips open. Of those patients who were not
available for follow-up, one patient died 2 years following
surgery from an unrelated cause, one patient was unable
to attend radiographic evaluation, and two patients moved
location and could not be contacted. The remaining
patients were followed up for the full five year period.
Patients ranged in age from 20 to 50 years (mean, 42.1,
Standard deviation = 7.9). There were 26 women and
21 men. Eleven patients had bilateral arthroplasties, all of
whom had the second procedure at least 2 months from
the index procedure. The main diagnosis was osteoarthri-
tis in 37 patients (44 hips) and eight patients (12 hips)
had a diagnosis of rheumatoid disease. The remaining
two patients had surgery for end stage osteonecrosis. Any
patient who had a previous femoral or acetabular osteoto-
my was excluded from the study. Minimum time to
clinical and radiographic follow-up was forty-nine
months (range, 49-134 months, mean, 90 months).

The Elite total joint arthroplasty (Depuy
Orthopaedics, Warsaw. IN, USA) was used in all
patients. The Elite femoral component is a cold worked,
austenitic stainless steel construct with an undercut
Charnley femoral flange. Modularity of the femoral
component allows the use of head sizes ranging from
22.25 mm to 32 mm diameter femoral heads. The
22.25 mm Zr head was used exclusively in this study.
Yittria stabilized Zr has twice the fracture toughness of
alumina (aluminium oxide) and as such can be created in
a 22.25 head size that will not be at risk of fracture.

The Hylamer cup used was a solid polyethylene block
with a minimum thickness of 6 mm. The cup size ranged
from 40 mm to 53 mm. All components had a high
posterior wall and a flange allowing high-pressure
cement fixation. The longest shelf life for any liner in the
current series was 4 months and none of the liners were
irradiated in air. The acetabular and femoral components
were cemented using Palacos polymethylmethacrylate
(Howmedica, Limerick, Ireland) using third generation
cementing techniques. 

All surgery was performed by the senior surgeon,
using a standard operating procedure. Each patient was
placed in the supine position and an anterolateral
approach was used with an osteotomy of the greater
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trochanter. The trochanter was reattached using two
2.5 mm Charnley wires.

Patients were evaluated clinically and radiographical-
ly 3 months and 6 months after surgery and thereafter at
yearly intervals. The Short Form 36 questionnaire (45)

and Mayo hip score (37) were used to evaluate patient
outcome subjectively and objectively. The short form
36 questionnaire is a generic health assessment instru-
ment that evaluates scores for physical functioning,
social functioning, and role limitation caused by physical
problems and emotional problems, bodily pain, mental
health, energy, and general perceptions of overall health.
This score has been validated previously as a reliable
summary outcome module (17,18). The raw Short Form
36 score was converted to a percentage score to allow for
ease of nominal comparison. The Mayo hip score is a
combined clinical and radiographic scoring system with
a maximum score of 100 points. The clinical evaluation
accounts for 80 points and the remaining 20 points are
divided between the radiographic scores of the acetabu-
lar and femoral components. This scoring system is
useful in that it provides for radiographic evidence of
loosening, which may not be reflected in a strict clinical
evaluation of outcome (8,37). Patients also were asked
whether they were satisfied with the procedure and
whether they would have the procedure again.

The extent of acetabular wear was assessed using the
system of Livermore et al (42). Digital calipers were used
to measure vertical and horizontal wear to within three
decimal places (Absolute Digimatic, Bury St Edmond’s,
Suffolk, UK). A digital device was used in an effort to
reduce error that has been reported using Livermore’s
method. Allowance was made for magnification on the
radiographs by dividing the known diameter of the
femoral head, 22.25 mm, by the measured diameter of
the femoral head on radiograph. Plain radiographs were
compared from the initial post-operative film to the most
recent radiograph. Wear was expressed as mean rate of
wear per year to facilitate accuracy using the Livermore
technique. In addition, any creep observed within the
first two years could be detected and not confused with
overall wear (61). 

Acetabular orientation was measured using the system
of Engh et al (22). Osteolysis was evaluated on a standard
anteroposterior radiograph of the acetabular component
using Zones I to III according to DeLee and
Charnley (19). Femoral osteolysis was described in
relation to the Zones of Gruen et al (27). Osteolysis
was defined as a progressive endosteal radiolucent
lesion, not present on the initial post-operative radi-
ograph, of greater than 5 mm in any direction (43).

Multiple linear regression analysis was used to deter-
mine the effects of age, gender, diagnosis, and weight
on polyethylene wear. Logistic regression was used to
evaluate whether age, gender, diagnosis or weight were
predictors of failure (33). The end point was defined as
radiographic failure with greater than 0.15 mm linear
wear, migration of the socket greater than 3 mm or the
presence of a progressive global radiolucency greater
than 5 mm in any direction (43). The amount of linear
wear was compared between gender, side, and diagnosis
subgroups by the two-sample Student t-test. Mayo and
SF-36 scores were tested for normality and found to have
significant skewness according to the Kolmogorov-
Smirnov test (2). Therefore, scores are presented as
medians and ranges with the difference between pre-
operative and postoperative Mayo scores determined by
the nonparametric Wilcoxon signed-ranks test. The
Pearson correlation coefficient (r) was used to evaluate
the association between continuous variables including
age and linear wear as well as postoperative Mayo and
Short Form 36 scores. Two-tailed values of p < 0.05 were
considered statistically significant. Analysis of the data
was done using the SPSS software package (version
11.0, SPSS Inc, Chicago, IL, USA). 

All patients signed informed written consent to be
included in the study in accordance with the Hospital
clinical review and research board.

RESULTS

All patients had a significant improvement in
Mayo score with a median improvement of
57 points (range, 21-67 points, p < 0.0001,
Wilcoxon signed-ranks test) The mean post-
operative Mayo score was 94 points (range 65-
100 points ; standard error of the mean, 0.88). Mean
postoperative Short Form 36 score was 84 points
(range, 54-94 points). There was a positive correla-
tion between the postoperative Mayo and Short
Form 36 scores (Pearson r = 0.68, p < 0.001).

The mean rate of wear was 0.097 ± 0.020 mm
per year (range, 0.026-0.152 mm/year). No patient
had subsidence or migration of either component.
No patients had osteolysis. Four patients had
radiolucent lines of 2 mm about the acetabular
component ; two patients had radiolucent lines in
Zone I, one patient had radiolucent lines in Zone
III, and one patient had radiolucent lines in Zones I
and III. Radiolucent lines about the femoral compo-
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nent were observed in two patients. One patient
demonstrated a radiolucency of 4 mm in Gruen
zone 7 and one patient had a radiolucent line of
4mm in Gruen zones 1 and 6.

Age, weight, gender, side, and diagnosis all were
tested separately using multiple linear regression
analysis. The two-sample Student t-test was used
for gender, side, and diagnosis and the Pearson cor-
relation coefficient (r) was used for age and weight.
Males had more linear wear than females (0.11 ±
0.02 versus 0.09 ± 0.02, p < 0.05) and the right side
was associated with greater wear than the left
side (0.11 ± 0.02 versus 0.09 ± 0.02, p < 0.05).
No significant differences were detected between
osteoarthritis and rheumatoid arthritis and wear. In
addition, no correlation was found between age and
linear wear (r = 0.08, p = 0.05) or between weight
and linear wear (r = 0.09, p = 0.51). To control for
possible confounding among the variables, a multi-
ple linear regression model was used to identify
independent predictors of vertical wear. Results of
the stepwise regression analysis indicated that male
gender and right side were significant multivariate
predictors of linear wear (p < 0.05 for each), where-
as age, weight, and diagnosis had no significant
prognostic impact (all p > 0.05). 

Complications included one case of heterotopic
ossification. This was Grade II (5) identified on radi-
ographs taken at follow-up and was not clinically
significant. In addition, there were four patients
identified with trochanteric wire breakage. This was
identified radiographically but did not manifest
with any clinical symptoms. 

All but one patient were satisfied with the
procedure and would have the procedure again.
There were no component failures and no patient
required revision in this cohort. Similarly there was
no radiographic evidence of components at risk of
failure. In light of this, the authors used 0.15 mm
wear/year as an indicator of a hip at risk of failure.
This is an order of magnitude lower than used in
similar studies (1.5 mm total linear wear) and
reflects the excellent outcome observed with the
zirconia - Hylamer pairing at medium term follow-
up (43,67).

Kaplan-Meier estimated survivorship is 98% at
3 years follow-up (confidence interval = 96-100%)

and 94% at 5 years (confidence interval = 88-
100%) (fig 1). 

DISCUSSION

Aseptic loosening from particulate debris in total
hip has prompted the orthopaedic industry to
explore bearing surfaces that are durable and
demonstrate little friction or wear. In an effort to
improve the durability and surface characteristics of
conventional UHMWPE, DePuy produced a poly-
ethylene that had increased crystallinity, thereby
increasing the modulus, yield strength, tensile
strength, creep resistance, fatigue resistance and
density with no loss of molecular weight. Of note,
these properties were shown to be improved in an
in vitro study prior to use in patients. This product
was marketed as Hylamer and because of its
improved wear characteristics was used widely,
particularly in younger patients with higher physi-
cal demands (16,41). The Hylamer acetabular liner
was marketed as an ideal complementary compo-
nent to Zr ceramic heads and the combination of
both was expected to give optimal wear characteris-
tics (16,24). It was in light of these data that the
current authors anticipated improved long-term
outcomes with a combination of Hylamer acetabu-
lar cups and Zr counterfaces in the younger popula-
tion with high physical demands.
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Several reports on Hylamer have, however, been
universally condemning with higher than anticipat-
ed wear rates and early osteolysis. Chmell et al (11)

showed a 4.2% failure rate of 143 hips with a min-
imum time to follow-up of two years. Livingston et
al (43) also have shown mean wear rates of 0.27 mm
per year and a clear correlation between early wear
and osteolysis using a Hylamer liner. Graeter and
Nevins (25) report nine of 78 patients (11.5%) with
osteolysis of greater than 1 cm2 at a mean follow-up
of 3.8 years. In addition, Vaughn et al (64) reported
on a single case of failure of an alumina ceramic
head with a Hylamer liner. Wroblewski et al
showed a mean rate of penetration of the cup of
0.22 mm/year in 71 patients but discontinued their
use of Hylamer despite excellent results and no
revisions (67). These results have prompted the
withdrawal of Hylamer from the market and have
given concern that patients with existing implants
should be recalled.

The results that the current study presents differ
markedly from previous reports on Hylamer acetab-
ular components. The authors believe that the
reasons may be multifactorial. Femoral head size,
metal backing, component fixation, patient age,
manufacturer mismatch (49) and oxidation from
sterilisation are all factors that can be implicated in
poorer results seen in previous studies.

The femoral head used in the current study,
22.25 mm, is smaller than previous reports on
Hylamer acetabular components. The standard
Charnley head has been shown previously to have a
decrease in volumetric wear when compared with
larger sized femoral heads. Several studies have
shown that larger head size is associated with greater
volumetric wear (12,14,20,42,46). In those studies
reporting adverse outcomes using Hylamer liners,
Chmell et al (10) report using 28 mm and 32 mm
femoral heads. Livingstone et al (43) used 28 mm
femoral heads in 196 of 233 arthroplasties. The head
sizes of those that were not 28 mm in diameter were
not detailed in the report. In the single case of fail-
ure reported by Vaughan et al (64), a 28 mm femoral
head was used in combination with an uncemented
8 mm thick Hylamer cup. Larger head sizes could
also be implicated in increased linear and volumet-
ric wear using ceramic countersurfaces (3). In the

report by Allain et al (1), documenting poor out-
comes using a Zr component, a 28 mm femoral head
was used throughout the study, as compared with the
smaller 22.25 mm femoral head used in the current
series. The difference between these reports and that
which the current study presents could be explained
on the basis of femoral head size alone however it is
likely that a combination of factors produced the
optimal results obtained. 

Hylamer liners in uncemented metal backed cups
were used in reports by Chmell, Livingston,
Vaughn, Kim and Collie (11,15,40,43,64). Cemented
all polyethylene Hylamer cups were used through-
out the current study. Charnley’s initial report on
linear wear rates of 0.07 mm per year in cemented
arthroplasty has been difficult to challenge and
similar results using cement have been consistently
reported (10,26,44,53,55). The expansile nature of the
acetabular osteolysis observed in patients with
uncemented cups is similar to that seen in those
reports on adverse outcomes using Hylamer lin-
ers (31,54). Such catastrophic osteolysis was not
observed in the current series of all polyethylene
cemented acetabular cups. Whether the uncemented
cup or whether the cup-liner interface micromotion
is responsible for this expansile osteolysis or a com-
bination of both will not be answered conclusively
in the current study. It is clear, however, that cement
fixation of non-metal-backed cups appears to have
delayed if not obviated apparent acetabular osteoly-
sis and loosening in this series. 

Another possible confounding variable in evalu-
ating wear in uncemented metal backed acetabular
liners has been delineated by Sychterz et al (62).
These authors showed a change in position of the
polyethylene liner in relation to the metal cup can
cause a change in the relative position of the
femoral head, thereby altering the measurement
of linear wear. This factor is not considered in
previous reports where higher than expected wear
rates using uncemented Hylamer liners were
found (11,15, 40,43,64). It is possible therefore that
positional change could have exaggerated wear
rates inadvertently. This possible cause of apparent
wear would, however, be expected to affect
comparison radiographs using both conventional
415 GUR polyethylene and Hylamer. As such, in
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those studies where comparison groups were used,
positional changes in the liner cannot be implicated
in poorer apparent outcomes using Hylamer. A
more likely explanation for poorer outcomes is
micromotion at the metal-polyethylene interface,
which may cause backside wear and early osteoly-
sis. In all 193 cases reported by Chmell et al (11),
uncemented Ti shells with Hylamer inserts were
used. Titanium alloys have previously been impli-
cated in oxidative corrosive wear and third body
generation by backside wear. Scott et al (58) also
implicate backside wear in early failure, in a
retrieval analysis of 12 Hylamer liners. All of the
retrieved liners had deformation and burnishing
consistent with micromotion between the liner and
the shell. In addition, Scott et al (58) implicate
micromotion in generating fluid pressure about the
cup, which may contribute to retroacetabular oste-
olysis. A Hylamer monoblock cemented acetabular
component was used by the current authors, there-
by eliminating this mode of failure.

Considerable manufacturer variability between
the acetabular cup and femoral head is evident in
previous outcome studies on Hylamer. This has
previously been shown to contribute to changes in
head liner congruency and increased wear (3,42,56).
In the study by Chmell et al (11), less than 15%
of the reported cases had femoral and acetabular
components produced by the same manufacturer.
Similarly in the review by Livingston (43), De Puy
Hylamer liners and femoral heads were compared
with conventional polyethylene cups and Osteonic
femoral heads. In that study, the rate of linear wear
was similar, whereas those with components from
different manufacturers recorded the greater rates of
wear. Previous work by Wright et al (65) showed
that stresses in standard polyethylene cup-counter-
face articulations were increased when non-con-
forming components were used. These stresses
were increased with enhanced polyethylene liners,
which are more sensitive to conformity. Hylamer
has an increased modulus of elasticity when com-
pared with conventional 415 GUR polyethylene,
and therefore is more sensitive to finite component
mismatch. Therefore the tribologic properties of
Hylamer may have been undermined by poorly con-
forming counterfaces from different manufacturers.

The role of gamma irradiation in air and subse-
quent oxidative damage to polyethylene has impli-
cations in the adverse outcomes related to Hylamer.
Several studies have shown that oxidation of
acetabular liners impacts mechanical properties of
the polyethylene, and can result in increased fatigue
failure of these components (23,60). In an effort to
address this, Hylamer was gamma irradiated in a
nitrogen atmosphere followed by vacuum packing
in 1993. From 1995 onward Hylamer has been ster-
ilised with gas plasma without irradiation. Collier et
al (15) have reported that the impact of oxidation
may be greater in Hylamer than in conventional
polyethylene. The hypothesis of Collier et al (15)

was that the sparse amorphous zones of the materi-
al allowed for a localized concentration of oxidative
destruction. Therefore the impact of oxidation may
be more detrimental in Hylamer than in convention-
al polyethylene liners. This hypothesis has been
confirmed by other studies on Hylamer lin-
ers (64,68). Mckellop et al (47) have shown that free
radicals produced by oxidation may also potentiate
the oxidative process implicating longer shelf life
with poorer wear resistance (35,63). Kiely et al have
also demonstrated that Hylamer implanted after a
shelf life of greater than 10 months had a poorer
outcome (39). In the current series, there were no
polyethylene liners irradiated in air and the longest
shelf life was 4 months.

The more favourable results obtained in the cur-
rent study also may be attributable to the combina-
tion of a Hylamer cup used in conjunction with a Zr
counterface. The tribological advantages of ceram-
ic femoral heads in general and Zr in particularhave
been well reported (4,6,9,24,46,51). Despite a large
volume of in vitro work to support the tribologic
nature of Zr, the literature has few reports on Zr
femoral heads in vivo. Minakawa et al (48) observed
that of eight retrieved Zr heads all had significantly
less surface damage than stainless steel, CoCr, and
Ti counterfaces. Hummer et al (34) however report
two cases of catastrophic fracture of Zr femoral
heads in a series of 189 patients. In one patient, a
fall contributed to the fracture whereas in the other
patient a mismatch in the Morse taper was regarded
as the cause of failure. Allain et al (1) reviewed
78 hips with a Zr femoral head, Ti6Al4V stem and
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cemented polyethylene cup at a mean time to fol-
low-up of 5.8 years. Survivorship analysis showed
that only 63% were in situ at 8 years. The discrep-
ancy between these two reports and the current
authors’ experience with Zr is multifactorial.
Cuckler et al (16) have shown that angle mismatch
in taper and bore surfaces can result in clinical frac-
ture of ceramics. Therefore, they recommend that
ceramic femoral heads from one manufacturer
should not be used with stems from another manu-
facturer. This is particularly relevant when non-
oxidized and re-oxidized sintered ceramic are used.
In the current series, all components were from the
same manufacturer therefore the potential for
component mismatch was reduced. In addition, the
current study reports on a single type of Zr, the
sintered re-oxidized form. The re-oxidation of the
surface molecules may confer an additional stabili-
ty and prevent microscopic surface imperfections.
This has not been proven to date and further in vitro
testing is warranted to validate this hypothesis. 

The age of the patients selected for Hylamer liner
implants may also explain their apparent poorer
outcomes in previous studies. The Hylamer-
Ceramic combination counterface was originally
marketed for use in the younger population because
of the improved tribologic properties required in
this population. Schmalzried et al (57) have previ-
ously alluded to patient age, when evaluating out-
comes reported by Livingston et al (43), on Hylamer
liners coupled with Al ceramic and metal femoral
heads. Two factors were responsible for the appar-
ent poorer outcomes reported in the Hylamer liner
and Al femoral head group : The patients in whom
Hylamer liner and ceramic femoral head combina-
tions were implanted, were younger than the
patients in the other groups studied, and secondly
within this young population, surgeon bias would
have selected those patients with higher physical
activity demands. On this basis, comparison
between two groups with different activity levels
and physical demands is redundant. In the current
study, the authors present a single group of patients
younger than 50 years, again showing surgeon
bias ; however, this does not confound observations
but supports them because the outcomes of a
similar cohort were evaluated.

Two recent studies have examined Hylamer lin-
ers and Zr femoral heads in outcome studies. Kim
et al (40) compared CoCr with Zr femoral heads
using a Hylamer liner in 70 patients. Although their
results did not achieve statistical significance, there
was a trend that mean rates of initial linear wear and
volumetric wear were higher in those patients who
had a Zr femoral head than in those patients who
had a CoCr femoral head. This was apparent in the
initial 3 years after implantation, however, at final
follow-up there was less wear in those patients
treated with a Zr femoral head. The rate of wear in
those patients who received a Zr femoral head
decreased to 0.08 and 0.02 mm at postoperative
years 4 to 5 and at postoperative years 5 to 6,
respectively. This report supports previous findings
of Wrobleski et al (66) that the initial apparent wear
in ceramic countersurfaces was caused by creep
rather than wear. In the study by Kim et al (40) there
was no evidence of acetabular or femoral loosening
at 6 years after implantation. Patients with either
acetabular or femoral osteolysis all were treated
with a 28 mm femoral head. No patient with a
22.25 mm Zr femoral head and Hylamer liner
was reported to have osteolysis. After this initial
bedding in, wear rates in those patients who received
Zr femoral heads and Hylamer liner were similar
to those reported by the current authors. These
findings confirm the current authors’ observations.

In a recent review of a similar cohort of patients
aged less than 50 years, using a Zr femoral head
and a solid Hylamer acetabular cup, Norton et al
demonstrated a failure rate of 67.6% at five
years (50). The study is similar to the current
authors’ series in type of implant, method of
implant fixation, operative approach and follow-up
time. The difference in outcomes is striking. The
only significant difference between the two studies
is that the femoral head used by Norton et al was
28 mm as compared with a 22.25 mm femoral head
used in the current series. Larger femoral head size
may pose a greater disadvantage when the material
used has a disproportionate increase in modulus,
as compared to yield strength as in the case of
Hylamer (41). It is difficult, however, to implicate
a larger femoral head size as the single cause of
poorer outcome when comparing the two series. 
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In a series reported by Wroblewski et al using Zr-
Hylamer components with 22.225 mm Charnley
Elite stems, the rate of wear was significantly
greater than the current authors’ series using similar
components i.e. stems, cement and femoral head
sizes (67). The overall clinical results of the
Wroblewski series were excellent and similar to the
current authors’ data. The difference in wear how-
ever was a matter of concern. The current authors
postulate that the difference in the shelf-life
between the two series (less than four months in
this study in contrast to less than one year in the
Wroblewski study) may be responsible. There is
evidence in the literature that suggests that Hylamer
implanted after a shelf life of greater than
10 months has a significantly greater linear wear
rate than in those implants with less than a
10 month shelf life (39).

Previous studies showing significant component
failure as a result of polyethylene oxidation, com-
ponent mismatch, and other variables prompted
Hylamer to be withdrawn from the market. In the
era of class action litigation against component
manufacturers and health care providers, these
reports were concerning and have prompted many
physicians to recall patients with Hylamer compo-
nents for physical and radiographic re-examination.
Physician and patient concerns over adverse reports
on Hylamer may, however be somewhat alleviated
in light of the outcomes demonstrated in the current
study. The combination of a cemented solid
Hylamer cup and a second-generation ceramic
smaller femoral head size may reduce or delay
wear. Component manufacturer mismatch and
oxidation of the highly crystalline polyethylene are
two factors implicated in previous failure that were
not relevant to the current study. In addition, this
report shows that a Zr femoral head has demonstrat-
ed encouraging moderate term outcomes. These
results can be compared to a similar group of
patients reported by the senior author using stain-
less steel femoral component and a standard GUR
polyethylene liner (21). Although direct comparison
between the two studies is not possible, the two
studies are comparable in that the patient’s ages
were similar, the surgical technique was similar, the
femoral head sizes were similar and the method of

estimating wear was similar. The overall probabili-
ty of 20-year survival for a Charnley stainless steel
femoral head and solid polyethylene cup was
reported to be 75% and the 5 year survival of both
components was 97%. As such, the current study
compares favorably with Kaplan Meier survival of
94% at 5 years but one must bear in mind that this
is specific to this study at a far earlier time point and
must be viewed with consideration of other papers
describing failures of this form of polyethylene. 

The current study also confirms previous reports
implicating male gender and increased linear
wear (36,38). The influence of gender and wear may
be due to greater physical demands in the male 
population. In addition lower wear rates in women
may be due to a greater degree of disability in
women and a poorer functional status prior to hip
arthroplasty (32).

Younger age was not found to be a predictor of
poorer outcome in the study. This does not con-
found previous observations on joint replacement
where younger age is a predictor of increased wear
because of the narrow range of the cohort stud-
ied (28). The median age of the cohort group was
42 years. A narrow range of ages within the cohort
precludes meaningful comparison between younger
and older ages. In addition, this cohort of patients
younger than 50 years was selected for this combi-
nation of implants, because of the greatest risk of
wear

Laterality as a predictor of wear has not been
reported previously. Joshi et al (36) in a study of
51 patients with bilateral hip arthroplasty demon-
strated that linear wear was related to gender and
increased body weight, but was not side related.
Although a power analysis was sufficient to elimi-
nate type II error, the current authors are unable to
establish a reasonable hypothesis for this finding.

The current study has shown that a cemented
acetabular Hylamer cup has functioned well when
used in combination with a 22.25 mm ceramic Zr
head, in a high demand population of patients
younger than 50 years, as observed at short term
follow-up. In light of existing evidence demonstrat-
ing excessive wear with Hylamer cups, the authors
do not recommend continued use of these implants.
Nonetheless this study does demonstrate that not all
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patients in whom Hylamer has been implanted
should be concerned and that careful and routine
follow-up may be all that is required in the medium
term, post-implantation.
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