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cross-linked polyethylene acetabular
liner and a titanium nitride-coated
femoral component
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Abstract

Aims: This study evaluated a specific hip resurfacing system to determine the: (1) function and complications, (2) implant
survivorship, (3) acetabular bone conservation and joint biomechanics and (4) osteolysis and polyethylene wear.
Methods: | performed 234 resurfacing procedures (192 patients) using a two-piece titanium acetabular component with
a 4 mm highly cross-linked polyethylene liner and a cementless titanium nitride-coated titanium femoral component.
Function was assessed with Harris Hip, WOMAC, SF-12, and UCLA scores. Radiography and CT scans were used to
evaluate bone retention, component position, joint biomechanics, and osteolysis. Retrieved polyethylene liners were
analyzed for wear.

Results: Median follow-up was 8 years and patients averaged 48 years of age at surgery. The mean Harris Hip Score
was 96 and all scores improved significantly. Kaplan-Meier survivorship was 97%. The mean medial acetabular thickness
was 9 mm postoperatively versus |4 mm preoperatively (b = 0.019). Femoral bone conservation (head:neck ratio) was
1.36 postoperatively versus |.42 preoperatively (b = 0.02). There was no polyethylene wear through or osteolysis. Eight
polyethylene retrievals had a mean wear of 0.05 mm/yr.

Conclusions: Resurfacing with a highly cross-linked polyethylene acetabular component and a titanium nitride-coated
titanium cementless femoral component is a reliable and bone-conserving procedure at mid-term.
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Introduction

Hip resurfacing preserves femoral bone but the procedure
has been limited by technical difficulty, health of the
preserved bone, and wear and fixation of the bearing
surfaces.!> Resurfacing patients have a lower incidence of
mortality at 10 years compared to patients undergoing total
hip replacement (THR).%7 Resurfacing has procedural
advantages such as an easier femoral revision when neces-
sary, smaller volume of implanted material, and ability to
offer the procedure when the medullary canal is blocked.
The functional advantages of resurfacing over THR are
enhanced stability and greater possibility for patients to
participate in sports and other activities.!-$-10

There is no universal agreement about these benefits of
hip resurfacing, possibly due to previous problems with

the procedure.':12 Metal-on-polyethylene resurfacing was
unsuccessful because the thin conventional polyethylene
was vulnerable to wear and the thick cementless metal-
backed or cemented fixation was intrusive to the pelvis,
resulting in failures that were sometimes difficult to recon-
struct.>>1314 The most recent metal-on-metal (MoM)
resurfacing components are very thin.-%!5:16 However,
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Figure 1. The resurfacing implants used were two-piece
acetabular components, consisting of a porous titanium shell
and an XLPE liner. The femoral component is TiN-coated
titanium.

Figure 2a. This anteroposterior (AP) pelvis radiograph shows
a 33-year-old man with severe right hip osteoarthritis and
dysplasia.

there have been some instances of serious tissue damage
due adverse reactions to metal wear debris, particularly in
small-size components.!>!® The more wear-resistant
highly cross-linked polyethylenes (XLPE) that have ben-
efitted THR can now be applied to resurfacing.!®2! Highly
cross-linked polyethylene acetabular liners can be made in
dimensions suitable for resurfacing.?2:26-28

This study evaluated a cementless hip resurfacing sys-
tem comprised of a two-piece acetabular component con-
sisting of a 2-mm titanium shell with 1 mm of porous
coating and a bearing surface of XLPE. Both femoral and
acetabular components have a 10 p coating of titanium
nitride (TiN) over the titanium substrate (Figure 1). Cobalt-
chromium implants have been used by the author? and oth-
ers in prior published work. This study sought to determine

the: (1) functional outcome and complications, (2) implant
survivorship, (3) bone conservation and biomechanics, and
(4) incidence of osteolysis and polyethylene wear.

Methods

The Institutional Review Board approved this single-
center prospective study conducted between January
2006 and January 2011. There were 192 participants
(234 hip procedures). A single surgeon with many years
of experience with polyethylene hip resurfacing per-
formed all the procedures. All patients who met all of the
following inclusion criteria were offered enrollment in
the study: (1) pain and functional compromise that made
a patient a candidate for THR, (2) femoral head diameter
of 41-51 mm, (3) UCLA score goal of six or higher, (4)
age < 65 years, and (5) satisfactory bone quality and
geometry (Figure 2a), defined as bone structure that
could accommodate the resurfacing components without
notching the femoral cortex or over-reaming the acetabu-
lum (medial wall thickness >5 mm). Enrollment was not
affected by the presence of abnormalities in the hip center
of rotation, femoral offset, or the shape of the femoral
head or neck.

The option of THR was discussed with all patients but
those included in this study chose hip resurfacing.
Exclusion criteria were: (1) poor femoral bone quality as
indicated by femoral head cysts or osteonecrosis defects
>2 cm, (2) below normal bone density determined by plain
radiograph, and (3) geometry that would not allow stable
placement of the acetabular prosthesis with at least 5 mm
of medial acetabular wall preservation and a postoperative
femoral head:neck ratio of at least 1.29 without notching.
Bone quality was assessed qualitatively as within or below
the normal range.>!? We did not use DEXA or MRI scans
to determine candidacy for hip resurfacing.

All femoral prostheses were porous-coated and
stemmed (New Jersey Conservative Femoral Resurfacing,
FDA 510 K904870) and all were placed without cement.
The two-piece acetabular components consisted of a
porous-coated titanium shell from 52 mm to 64 mm with a
41-51 mm XLPE liner (BP Hemispherical Acetabular
Cup, FDA 510 K963101) (Figure 1). The acetabular shells
are placed without cement and screw fixation is possible if
the shell is supported incompletely by the underlying ace-
tabular dysplasia. A secure, threaded, central impactor
allows full visualization of the shell during impaction and
contact of the acetabular shell with the bone can be veri-
fied easily through the impactor hole in the shell. The pol-
yethylene liners were fabricated from GUR 1020 resin
(Ticona, Kelsterbach, Germany) highly cross-linked by
exposure to gamma irradiation at 7.5 Mrads followed by
heating to 155°C, which is above the polyethylene melting
temperature, and then sterilized with Ethylene Oxide
(Meditech, Fort Wayne, IN, USA). The polyethylene
thickness was 4 mm.
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Figure 2b. The postoperative radiograph shows the
resurfaced hip, using a two-piece acetabular component with
an XLPE component and a cementless porous coated TiN-
coated titanium femoral component.

Each femoral component fits with a specific matching
(300 pwm radial clearance) acetabular bearing and each
acetabular bearing fits a specific acetabular shell. The ace-
tabular component is designed to be placed at 30-45° of
inclination and from 0° to 25° of anteversion. The goal for
combined femoral and acetabular anteversion is a maxi-
mum of 45°. The femoral stem was placed from neutral to
15° of valgus relative to the native femoral neck. The thin
flexible acetabular shell is placed with under-reaming of
the acetabular bone. Typically, the components can be
placed with a 9 mm or 10 mm differential between the
acetabular and femoral preparation compared to 6 mm
with MoM.!? The shell, XLPE, and locking mechanism
are tolerant of deformation allowing better acetabular bone
preservation. This assembly provides a several-millimeter
benefit in acetabular bone conservation over predicate
polyethylene implants.*>.13.14.26-28

Participants had no limitations following their initial
recovery and were permitted immediate weight bearing.
The UCLA Activity Score was used preoperatively to
identify each patient’s postoperative goals. Follow-up
examinations were performed at 8§ weeks, 6 months, and
annually, and outcomes were assessed using the Modified
Harris Hip Score, WOMAUC instrument, the 12-item Short
Form Health Survey (SF-12), and UCLA Hip Score.!-30-32
Follow-up evaluation also included a digital anteroposte-
rior (AP) view radiograph of the pelvis centered over the
symphysis (Figure 2b), an AP view of the hip centered
over the femoral head, and a Johnson shoot-through lateral
radiograph.®3 All but two patients who died and two who
were lost to follow-up were seen in the clinic.

Two blinded independent observers not involved in
this study analyzed the radiographs. Cup inclination and
anteversion angles were measured on the pelvic and
Johnson radiographs and CT scans. Femoral component

inclination was also measured with respect to the preop-
erative femoral neck shaft angle. The radiographs were
evaluated for radiolucent lines and osteolysis in the acetab-
ular zones as described by DeLee and Charnley’* and fixa-
tion of the femoral component was evaluated
radiographically as described by Amstutz, et al.! The ace-
tabular components were inspected radiographically for
signs of osseointegration. The presence of spot welds and
bone trabeculae through the metal indicated ingrowth;
radiolucencies or migration indicated failure of ingrowth.
All radiographs were examined for osteolysis, which was
defined as an area of lucency seen within bone with a
defined border sclerotic border. Lucent areas were com-
pared to preoperative films.?>

High-resolution CT scans with a Sensation 16 scanner
(Siemens Medical Solutions, Forchheim, Germany) with
metal-artifact reduction software were performed in 51
participants when they presented 6-11 years postopera-
tively. Qualitative polyethylene wear and related osteoly-
sis were assessed by CT scan but precise radiographic and
CT scan measurement of polyethylene wear is beyond the
scope of this study and will be addressed in future studies.
In addition to digital radiographs, CT scans were used to
assess biomechanics and bone conservation. Femoral bone
conservation was measured using the head:neck ratio and
acetabular bone conservation was measured by the medial
acetabular wall thickness as the shortest distance from the
cup and the pelvic brim. Measurements also included the
distance to Kohler’s line, the horizontal center of rotation
to assess hip biomechanics and acetabular bone retention,
limb length (the perpendicular distance from the horizon-
tal teardrop to the base of the lesser trochanter), the verti-
cal center of rotation, and horizontal femoral head
offset.'03¢ When calculating biomechanics, the resurfaced
hip was compared to the normal contralateral hip (if pre-
sent) and to the preoperative hip.

Explanted liners were inspected using optical micros-
copy for evidence of rim damage, cracking, and fatigue.
The rim was inspected and scored as a single entity, spe-
cifically looking for abrasion, burnishing, scratching,
embedded debris, and plastic deformation.!*2%-37 The liners
were used to calculate polyethylene wear. Linear femoral
head penetration was measured with a digital coordinate
measuring machine (Mitutoyo America Corporation, Aurora,
IL, USA). The polyethylene thickness in 300 points was
measured in loaded and unloaded areas. We calculated the
mean femoral head penetration rate by dividing the meas-
ured head penetration by time (mm/yr.).

Statistical analysis

Two-tailed, paired, Student ¢ tests were used to compare
the postoperative and most recent follow-up clinical
scores. A p value < .05 was deemed significant. We used
Kaplan-Meier survivorship method with revision for any
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Table I. Patient demographics and preoperative data.
Patients n = 192 Women n =98 Men n = 94
Procedures n = 234
Age (mean years) 49 47
Range 24-67 23-68
BMI (mean, kg/M?, range) 25 (19-38) 29 (24-41)
Preoperative Diagnoses
Osteoarthritis = 125 63 62
Prior trauma surgery = 22 9 13
Degeneration from dysplasia, Perthes disease, slipped 46 41

epiphysis, other developmental disorders = 87

Table 2. Results of scoring assessments.

Instrument Preoperative Postoperative p value
mean (range) mean (range)
Harris Hip 51 (21-81) 96 (52—-100) <0.0001
WOMAC 52 (30-68) 5 (0-16) <0.0001
SF-12
Mental 46 (22-61) 54 (24-64) <0.005
Physical 36 (22-48) 54 (26-64) <0.0001
UCLA 4 (2-7) 8 (6-10) <0.0001

reason as the endpoint. The statistical software was SPSS
v. 19 (SPSS, Chicago, IL).

Results

The follow-up period ranged from 6 years to 11 years
(median, 8§ years). Two participants were lost to follow-up
and two died from unrelated causes. Patient demograph-
ics are shown in Table 1.

Participants’ mean preoperative UCLA Activity Score
goal for activity was eight (range, 6—10), defined as very
active.! The postoperative functional results as assessed
by the Harris Hip Score, WOMAC, SF-12, and UCLA
activity scores all improved significantly (Table 2).
Eighty percentage of the patients achieved a postopera-
tive UCLA score of 8 or greater. The average acetabular
component inclination was 41° (range 30-53°) and the
average anteversion was 15° (range, 0-25°). The average
femoral anteversion was 13° (range, 0-20°). All femoral
components were neutral or placed in a valgus orienta-
tion with respect to the native femur. Screw fixation was
used in 9% of patients when the shell was >20% uncov-
ered (Figure 2b).

There were complications that did not interfere with
the outcome (three wound infections and two cases of
Brooker two heterotopic ossification).3® There were no
dislocations. Four patients continued to report pain (two
mild, one moderate, one significant). There were no
instances of osteolysis identified by either radiograph or
CT scan. Radiolucent lesions were seen in eight hips but

comparison to preoperative radiographs showed that these
were cystic lesions of the acetabulum.

Five patients (2%) underwent successful revision of
their femoral component from 3 years to 11 years follow-
ing the initial surgery. The causes of failure were femoral
neck fracture (n = 2), femoral loosening or subsidence (n =
2), and infection (n = 1). In all five revisions, the metal-
backed acetabular component was preserved and the ace-
tabular liner was exchanged to allow use of new XLPE.
There was one acetabular revision for loosening. A new
shell with screw fixation resulted in a secure component
and successful outcome. Using revision for any reason as
the endpoint, the Kaplan-Meier survival estimate of mean
survivorship was 97.5% (95% confidence interval, 95—
98.9%) at 10 years (Figure 3). There were no bearing-sur-
face failures or pending revisions.

Eight polyethylene retrieval specimens obtained at
revision or post-mortem at periods of 3, 5, 7, 8, 9, 9, 10,
and 11 years post-resurfacing showed a mean wear rate of
0.05 mm/yr. (range; 0.03—0.07 mm/yr.). There was no
internal or rim cracking, scratching, burnishing, or delami-
nation, and the original machining marks were visible on
seven of the eight liners. Two liners showed signs of poly-
ethylene creep into the screw holes.

Seventy-six patients had a normal contralateral hip, 42
had a contralateral hip resurfacing, 9 had a contralateral
THR, 43 had a dysplastic contralateral hip, and 22 had an
osteoarthritic contralateral hip. Among the nine patients
with a contralateral THR, the same size acetabular compo-
nent was used in five, a smaller size in one, and a 1 mm or
2 mm larger size in three. Postoperatively, the mean ace-
tabular wall thickness was 9 mm versus 14 mm preopera-
tively and the head:neck ratio was 1.36 versus 142. The
mean postoperative/preoperative horizontal center of rota-
tion was 33/40 mm and the vertical center of rotation was
16/17 mm. When compared to the normal contralateral
hip, the mean horizontal center of rotation was 4 mm
medialized, the vertical center of rotation was 2 mm lower,
the horizontal femoral offset was 1 mm medialized. The
mean postoperative leg length increased 4 mm compared to
preoperative length. The mean distance from the acetabular
component to Kohler’s line was 3.6 mm (range, 1.0-4.7 mm).
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Figure 3. This is the Kaplan-Meier survivorship curve for
XLPE TiN-coated hip resurfacing.

Two patients required more reaming than planned to
achieve a stable prosthesis. No patient had compromise of
the medial wall or femoral neck.

Discussion

Because of the appeal of preserving bone and the stability
of the natural-sized femoral head, there remains an interest
in hip resurfacing. Prior resurfacing efforts with conven-
tional polyethylene failed from impingement, wear, and
osteolysis of the large diameter, thin acetabular
components.

This study evaluated a specific cementless XLPE hip
resurfacing system and found satisfactory functional
results, bone conservation, maintenance of biomechanics,
and implant survivorship. A specific difference in this
report to my previous study?? is the use of a titanium rather
than cobalt-chromium femoral prosthesis and remelted
rather than triple-annealed polyethylene. Also, femoral
sizes up to 51 mm were included rather than only 40 mm
and 44 mm. There was no osteolysis and no polyethylene
liners failed. There was one instance of acetabular loosen-
ing and two instances of femoral loosening. Femoral neck
fracture occurred twice, deep infection occurred once,
resulting in six revisions (2.5%). The survivorship and
wear results in this series using XLPE are far superior to
outcomes using the same implant with conventional poly-
ethylene.?-383% In addition, participants made statistically
significant functional gains in all measured parameters and
achieved their stated preoperative goals, which were very
high.

Limitations of this study include its mid-term follow-
up, yet this is comparable to the follow-up periods of most
other hip resurfacing reports.1.%15:1640 A single surgeon
with extensive experience, particularly in polyethylene hip
resurfacing, performed all procedures, thus, these results
may not be reproducible in other centers. The specific
value of TiN coating and cementless femoral fixation was
not evaluated in this study and would need a separate
evaluation.

The mean polyethylene wear of 0.05 mm/yr. is consist-
ent with other studies and no patient had wear greater than
the osteolysis threshold of 0.1 mm/yr.4! The performance
of the polyethylene in this study is consistent with previ-
ous published THR studies using XLPE.?0-2337 There are
clinical and wear simulator studies with XLPE liners
showing very low wear for 3-3.8 mm in thickness and
40-46 mm in inner dimension.!*2%2437 | recently pub-
lished a wear simulator study that tested the largest polyu-
rethane and XLPE liners available compared to
conventional polyethylene and polyurethane.?! Testing
was conducted on 4-mm-thick, 51-mm-capacity acetabu-
lar implants using a biaxial hip simulator for 30 million
cycles. The XLPE was more wear resistant than polyure-
thane and conventional polyethylene. The satisfactory
results of this study show that XLPE acetabular liners
should provide more than 20 years of expected use in
active patients and support its continued use in hip
resurfacing.

The bone conservation and biomechanics afforded by
polyethylene hip resurfacing can be compared to both
THR and MoM hip resurfacing. Studies have compared
bone retention of MoM resurfacing to THR. There is typi-
cally 2 mm of acetabular component medialization with
resurfacing compared to THR.#243

The acetabular shell in this study has been used since
19893839 1t is very similar to the Townley and Indiana
Conservative prostheses that date back to the 1970s.414 It
successfully challenged the engineering limits known for
fracture and deformation of thin two-piece shells. Also, an
effective locking mechanism has not been available for
thinner acetabular components. Thinner components
would need to be one-piece. One-piece components will
have the attendant difficulties of providing an effective
insertion tool and method for later bearing surface
exchange if necessary, as well as limiting the possibility
for adjunctive screw fixation.

There are a few prior reports about using XLPE for
resurfacing applications and the present study will con-
tinue to acquire additional and longer term data.>26-2%40 Of
note, there have been no bearing surface failures using
XLPE in this or any prior resurfacing study. The favorable
results in this study can be attributed to careful patient
selection, careful bone-conserving surgical technique, and
the use of high-quality XLPE and components with high
osseointegration potential.
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