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Medium-term results of ceramic-on-polyethylene
Zweymiiller-Plus total hip arthroplasty
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ABSTRACT

Introduction: The need for better durability and
longevity in total hip arthroplasty for patients with
various hip joint diseases remains a challenge. This
study aimed to obtain medium-term results at a
follow-up of >10 years for Zweymiiller-Plus total hip
arthroplasty with ceramic-on-polyethylene bearing.

Methods: A retrospective study was conducted to
review the results after a minimum of 12.4 years
of 207 consecutive total hip arthroplasties in 185
patients in Peking University People’s Hospital
in China using the Zweymiiller SL-Plus stem in
combination with the Bicon-Plus threaded cup and
ceramic-on-polyethylene bearing between October
1994 and April 2000.

Results: During the study period, two patients
(2 hips) died and 25 patients (28 hips) were lost
to follow-up. Two hips were revised for aseptic
loosening of the Bicon-Plus cup. The mean clinical
and radiological follow-up was 14.1 years (range,
12.4-16.5 years) for the remaining 156 patients (175
hips). The mean (standard deviation) Harris Hip
score for the 175 hips increased significantly from
39.3 (3.8) preoperatively to 94.1 (2.5) postoperatively
at a mean follow-up of 14.1 years (P<0.05). Focal
osteolysis was observed in seven (4.0%) of 175 stems
and three (1.7%) of 175 cups. The Kaplan-Meier

survival with revision for any reason as the end-point
was 99.03% (95% confidence interval, 95%-100%).

Conclusions: The high survival rate of the
cementless Zweymiiller-Plus system with ceramic-
on-polyethylene bearing at mid-term follow-up
makes this total hip arthroplasty system reliable for
patients with various hip joint diseases.
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*  Zweymiiller-Plus THA has a good medium-term outcome and is reliable for patients with various hip joint

diseases.

Introduction

Total hip arthroplasty (THA) is considered one
of the most effective therapies for a variety of
hip joint diseases. The cemented THA has been
successfully performed since the 1960s but has been
widely criticised in several postoperative follow-up
studies for its later loosening."* During the 1970s,
cementless THA with different principles of fixation
and various new materials was introduced. This
prosthesis had good biocompatibility and its specific
surface structure could achieve secondary fixation to
bone that could avoid later loosening.?

The Zweymiiller-Plus system (Smith & Nephew
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Orthopaedics AG; Rotkreuz, Switzerland), a kind of
cementless THA that comprises the SL-Plus stem
and Bicon-Plus cup, was introduced in 1993 as a
successor to the Alloclassic system.*Ithasbeen widely
used for primary THA. Because of aseptic loosening
due to polyethylene wear, alternative bearings were
introduced.>® These alternative bearings included
metal-on-metal, ceramic-on-ceramic, and ceramic-
on-polyethylene articulation.”® The Zweymiiller-
Plus THA system with the ceramic-on-polyethylene
bearing has been reported to have superior survival
and durability at 10 years’ follow-up than other
bearings.’ Additionally, in the mid-1990s in mainland
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stem
Reproduced with permission from Smith & Nephew Orthopaedics AG
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China, the Zweymiiller-Plus THA with ceramic-
on-polyethylene bearing was the most common
type of hip prosthesis. We report the results after
a minimum of 12.4 years of an independent series
using Zweymdiller-Plus THA with ceramic-on-
polyethylene bearing in a historical follow-up study.

Methods

Between October 1994 and April 2000, a total
of 207 Zweymiiller-Plus total hip replacements
(Smith & Nephew Orthopaedics AG) with ceramic-
on-polyethylene bearings were performed in 185
consecutive patients at Peking University People’s
Hospital in China. The institutional review board of
Peking University People’s Hospital approved this
study, with the requirement of patient informed
consent waived because of its retrospective nature.

Patients

Data on the patients including gender, age, hip
distribution, initial diagnosis, complications, reason
for revisions, and clinical outcome were obtained
from the hospital database and retrospectively
reviewed. Basic demographic data and indications
for implantation of the prosthesis were collected.

Implants

The acetabular component was the Bicon-Plus cup
(Smith & Nephew Orthopaedics AG), a biconical
threaded cup made of hot-forged pure titanium
(Fig 1). The Bicon-Plus cup has a microroughness
of 4-6 um and no coating on the microporous outer
surface. The polyethylene inlay of the Bicon-Plus
cup is made of conventional ultra-high-molecular-
weight polyethylene that has been sterilised by
gamma irradiation.

The femoral component was the SL-Plus stem,
a cementless, rectangular, dual-tapered straight
stem made of a wrought Ti-6Al-7Nb alloy with a
microporous surface roughness of 4-6 um (Smith &
Nephew Orthopaedics AG; Rotkreuz, Switzerland;
Fig 1). The femoral head with a diameter of 28 mm
was made of high-grade alumina ceramics (the
third-generation alumina ceramics). The edges
of the SL-Plus stem were rounded to reduce the
occurrence of distal femoral cortical thickening. The
combination of polyethylene inlay with the 28-mm
diameter ceramic femoral head constituted the
ceramic-on-polyethylene bearing surface.

Perioperative care

All THAs were performed by the senior surgeon
(BL Kou) through a modified Hardinge direct lateral
approach. The mean (+ standard deviation) desired
acetabular position was 45° + 10° of abduction and 15°
+ 10° of anteversion, the femoral position was 5°-10°
of anteversion: both were evaluated by postoperative
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X-ray. In order to facilitate optimal insertion of the
bone, the bone had to be shaped to the Bicon-Plus
cup by matched directional devices. All patients
received prophylactic antibiotics prior to surgery
and subcutaneous low-molecular-weight heparin
calcium for prophylaxis against thrombosis for 2
weeks postoperatively. Patients were discharged after
a mean of 5 days after surgery. Mobilisation with full
weight-bearing was encouraged the day after surgery.
At postoperative 6 weeks, rehabilitation exercises
were commenced and the hip joint mobilised.

Clinical and radiological assessment

The Harris Hip score (HHS),® which is a disease-
specific health-related quality-of-life instrument
and widely used to evaluate physical function and
pain relief in patients with various hip diseases, was
used to clinically evaluate patients preoperatively,
postoperatively, and at the most recent follow-up.
Anteroposterior and lateral supine radiographs of
the hip and femur were analysed for radiolucencies,
osteolysis, and migration of the components, and
compared with radiographs taken 2 weeks after
surgery. Osteolytic areas and radiolucencies adjacent
to the SL-Plus and Bicon-Plus were evaluated using
the zones described by Gruen et al'! and DeLee and
Charnley,'? respectively. Osteolysis was described as
asharply demarcated radiolucent space with rounded
or scalloped appearance that was >2 mm wide.”® The
migration of the cup was defined as movement of
>3 mm in a horizontal or vertical direction and stem
migration was defined as a change in position of
>4 mm relative to the mid-lesser trochanter. Femoral
implant stability was assessed by the radiographs
according to the criteria of Engh et al,'* as stable
with osseointegration or fibrous tissue ingrowth, or
as unstable. Heterotopic ossification was evaluated
using the criteria described by Brooker et al.’® Liner
wear was determined by subtracting the thickness
of the polyethylene on the first radiograph of the
hip postoperatively in the standing position from
the last available control radiograph corrected for
enlargement and determined in relation to the
diameter of the head component.’® We only included
cases of annual liner wear of >0.1 mm/year due to
the lack of precision of these measurements.

Statistical analysis

Demographic and X-ray variables were assessed
with descriptive statistics. Kaplan-Meier survival
analyses'® with 95% confidence intervals (CI) were
used to determine the survival rate with the use
of several end-points: revision for any reason or
revision for aseptic loosening for each component
of the THA system. All patients were included in
the Kaplan-Meier analysis. Patients who died were
censored at their date of death and patients who
were lost to follow-up were censored at the date of
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last assessment. Continuous variables of HHS were
compared using a two-sided Student’s ¢ test. The
Statistical Package for the Social Sciences (Windows
version 19.0; IBM Corp, Armonk [NY], United States)
was used to analyse the collected data. A P value of
<0.05 was considered significant.

Results
Sample

Demographic data of patients and indications for
implantation of the prosthesis are listed in Table 1.
There were 95 women and 90 men, and the mean age
(+ standard deviation) at the time of the index surgery
was 57.8 + 13.8 years (range, 16-72 years). Overall,
161 patients (183 hips) underwent primary THA
only and the most common indication was ischaemic
femoral head necrosis (58 hips). Other indications
included ankylosing spondylitis and femoral neck
fracture (Table 1). Another 24 hips underwent
surgery for revision (15 for aseptic loosening, 6 for
migration of the acetabular component, and 3 for
deep infection) and the mean time between the
primary THA and this revision was 3.2 years.

TABLE |. Patient demographics and distribution of hips

No. (%) of
patients/hips*
Sex
Male 90 (48.6)
Hip 107 (51.7)
Female 95 (51.4)
Hip 100 (48.3)
Age-group (years), No. of patients
0-39 28 (15.1)
40-49 35 (18.9)
50-59 28 (15.1)
60-75 90 (48.6)
>75 4(2.2)
Hip distribution, No. of hips
Right 90 (43.5)
Left 117 (56.5)
Diagnosis, No. of hips
Primary total hip arthroplasty 183 (88.4)
Ischaemic femoral head necrosis 58 (28.0)
Ankylosing spondylitis 42 (20.3)
Femoral neck fracture 30 (14.5)
Otherst 53 (25.6)
Revision 24 (11.6)

* Because of rounding, not all percentages total 100
T Including osteoarthritis, acetabular dysplasia, and rheumatoid
arthritis
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Follow-up

As shown in Figure 2, two patients (two hips)
died without a revision prior to death for reasons
unrelated to the surgery; the time between operation
and death were 4.2 years and 5.1 years, respectively.
Twenty-five patients (28 hips) were lost to follow-
up. The main cause for patients lost to follow-up was
change of residence and/or phone number. Revision
was performed in two patients (two hips). A total of
156 patients (175 hips) were available for clinical and
radiological evaluation, with a mean time between
operation and final evaluation of 14.1 years (range,
12.4-16.5 years).

Original cohort
207 Hips, 185 patients

Died
v 2 Hips, 2 patients

Remaining cohort
205 Hips, 183 patients

Lost to follow-up
v 28 Hips, 25 patients

Follow-up cohort
177 Hips, 158 patients

Revision*:
v 2 Hips, 2 patients

Clinical/radiological evaluation
175 Hips, 156 patients

FIG 2. Schematic presentation of patient status at the most
recent follow-up
* Both revisions were for aseptic loosening of the cup

Revisions

There were two (0.97%) revisions in the whole series
of 207 hips. An example of good results at 16.5 years
of follow-up is shown in Figure 3. The stem alone
had not been revised in any hip. The Bicon-Plus
cup alone had been revised in two hips, both for
aseptic loosening. Radiographs of aseptic loosening
of acetabular components before and after revision
at 10.7 years until the latest follow-up are shown in
Figure 4. Both revision surgeries were performed
on men after 10.7 and 16.5 years postoperatively.
No perioperative complications were observed after
revision and the HHS were 92 and 96 post-revision,
respectively.

There were no other re-operations at the time
of most recent follow-up. Two hips (two patients),
however, showed excessive polyethylene wear of
the liner although both were asymptomatic. Liner
exchange was recommended but both patients
refused. They were closely monitored for observation
of wear progression and osteolysis development.

Radiological evaluation of surviving hips

Non-progressive radiolucent lines around the
femoral component (<1 mm) were found in seven
(4.0%) of 175 stems, all limited to the proximal
femur (Gruen zone 7). Comparison of early and
late postoperative radiographs revealed no signs of
osteolysis in the distal femoral zones or subsidence
of femoral prosthesis of >1 mm. Intramedullary
ossification was found in five (2.9%) of 175 stems.
There was no excessive liner wear in the remaining
173 hips.

Non-progressive radiolucent lines of <2 mm

FIG 3. An example of good outcome with Zweymiiller-Plus total hip arthroplasty
Radiographs were taken from a 59-year-old female who underwent Zweymidiller-Plus total hip arthroplasty at 16.5 years of follow-up in April 2012:
(a) preoperative, (b) at 2 years of follow-up, (c) at 16.5 years of follow-up
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FIG 4. An example of aseptic loosening of acetabular
components

Radiographs were taken from a 56-year-old female who
underwent Zweymdller-Plus total hip arthroplasty at 10.7
years of follow-up in July 2012: (a) before revision and (b) at
10 years of follow-up after revision

were found around the Bicon-Plus cup in three
(1.7%) of 175 hips in DeLee-Charnley zone III. No
extensive peri-acetabular osteolysis radiographically
of >2 mm was observed in any hip. Heterotopic
ossification was found in 23 (13.1%) of 175 hips with
various degrees according to the criteria by Brooker
et al.'’> Among the 23 hips, 11 hips were considered
Brooker grade I, eight hips were Brooker grade II,
and the remaining four were Brooker grade III.

Clinical evaluation of surviving hips

A total of 156 patients (175 hips) were available for
clinical and radiological evaluation. The mean HHS
for the 175 hips increased significantly from 39.3 +
3.8 preoperatively to 94.1 + 2.5 postoperatively at a
mean follow-up of 14.1 years (P<0.05).

Complications

Intra-operative complications including pulmonary
and deep vein thrombosis were not observed in
any patient. Surgical complications including

@ ZweymUller-Plus total hip arthroplasty @

calcar cracks, femoral fracture, deep infection, and
dislocation did not occur in any patient. In addition,
no medical complications were observed in cardiac,
urinary, or psychiatric aspects.

Survival analysis

The Kaplan-Meier survival analysis, with the end-
point being revision of any component for any
reason, estimated the 14.1-year (minimum follow-
up of 12.4 years) survival rate at 99.03% (95% CI,
95%-100%). Since the reason for both revisions was
aseptic loosening of the Bicon-cup, the survival
rate at a minimum of 12.4 years of follow-up with
removal of any component for aseptic loosening and
the probability of survival of acetabular components
with revision for any reason were both 99.03% (95%
CI, 95%-100%). In addition, the survival rate of
the SL-Plus stem with revision for any reason was
100%. The worst case survival of this ceramic-on-
polyethylene THA, when taking the two pending
revision cases into account, with removal of any
component for any cause as the end-point was
98.07% (95% CI, 84%-100%).

Discussion

Medium- to long-term follow-up studies are
required to evaluate the effectiveness of orthopaedic
implants in patients with various hip diseases. The
present study was conducted in a group of 207 hips
after a mean follow-up of 14.1 years to evaluate the
medium-term effectiveness of the Zweymiiller-Plus
THA with ceramic-on-polyethylene bearings.

The main finding of this study was the
relatively high survival rate of both implant
components (100% for the femoral component and
99.0% for the acetabular component). The worst
survival when taking the pending revisions into
account was still 98.1%. Although methodological
differences and dissimilar implant designs can limit
comparison of different THAs, the survival rate
of the stem and cup in our series is comparable or
even higher than previous descriptions for other
THAs, especially the Alloclassic system (Zimmer,
Winterthur, Switzerland). Bonnomet et al'” reported
that the 10-year survival with stem revision for any
reason as the end-point of the Alloclassic-SL grit-
blasted titanium stem in primary THA was 99.2%.
For Alloclassic THAs with/without hydroxyapatite
coating on the fixation of a cementless femoral
stem, the 15-year survival of the stem for the event
(revision for any reason) was 98.1%.'® For another
cementless Zweymiiller-Alloclassic  system, a
survival rate of 98% for the stem and 85% for the
cup at 15 years with revision for any reason as the
end-point has been reported.!® Femoral survival and
acetabular survival with the Alloclassic system are
shown in Table 2.2 Consistent with our results,
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TABLE 2. Comparison of survival studies

Study Type of arthroplasty Maximum years of Femoral survival (%); Acetabular survival
follow-up 95% ClI (%); 95% CI

Bonnomet et al'” Alloclassic* 10 99.2; 92.4-99.9 Not given

Grubl et al'® Alloclassic* 15 98; 96-100 85; 79-91

Delaunay® Alloclassic* (with or without HA) 15 98.1 Not given

Lass et al?® Alloclassic Metasult (metal-on-metal bearing) 18.8 97.9; 95.8-100 95; 92.1-97.9

Abbreviations: Cl = confidence interval; HA = hydroxyapatite
* Alloclassic (Zimmer, Winterthur, Switzerland)
T Alloclassic Metasul (Zimmer, Winterthur, Switzerland)
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long survival of Zweymiiller-Plus components
with ceramic-on-polyethylene bearings has been
reported previously. A retrospective analysis
of results after a mean follow-up of 11 years by
Korovessis et al** showed that the rate of survival
was 100% for the Bicon-Plus and 98% for the SL-
Plus. As a successor of the Alloclassic system, there
are several improvements in the Zweymiiller-Plus
system. The sharp edges of the Alloclassic stem have
been rounded in the SL-Plus stem and this may avoid
distal stress concentration, cortical thickening, and
subsequent thigh pain.?**® Moreover the Bicon-Plus
cup has inherent advantages over the Alloclassic cup
when implanted in hips with deficient or deformed
acetabulum since positioning of the biconical
threaded cup does not require removal of so much
spherical acetabular bone.” All these features make
the Zweymiiller-Plus system hypothetically practical
and stable.

The type of bearing couple may be the major
limitation for longevity of well-fixed hip implants.*
A previous comparison of four bearings revealed
that ceramic-on-polyethylene bearing couple
achieved the best results for revision for any reason
(98.1%).° Similar to a previous description, the
survival of the ceramic-on-polyethylene bearings
in the Zweymiiller-Plus system was relatively
high in our study (99.0%). Ceramic bearings have
several advantages over other bearings such as a
low coefficient of friction, low wear rates, and less
biologically reactive debris.*>* They also have
several drawbacks such as susceptibility to fracture,®®
although they avoid the adverse qualities associated
with polyethylene.® In our study, there were no
revisions due to ceramic fracture.

The problems with polyethylene wear and
osteolysis are often considered to compromise the
long-term survival of implants. In an analysis based
on the Norwegian Arthroplasty Register, Hallan et
al® showed that high revision rates for polyethylene
wear and osteolysis lead to an obvious decline in
survival after 10 years. There is an improvement
in osteolysis of the Alloclassic cup compared with

cemented polyethylene cups with ceramic-on-
polyethylene bearing surfaces, since radiolucent lines
and osteolysis in the Alloclassic cup were evident
in 0% to 6% of cases after 9.3 to 12 years'*® while
osteolysis around cemented cups was present in 11%
at 11.2 years.®' In our study, radiolucent lines and
osteolysis in the Bicon-Plus cups was 1.7% at 14.1
years, which is lower than that in previous reports.'**
Additionally, the osteolysis and radiolucent lines were
all located proximally and did not extend around the
distal part of the stem. The osteolysis rate (4%) of the
SL-Plus stem at 14.1 years was also lower.

Our findings were tempered by the limitations
inherent in our study design. The retrospective
design and the high number of patients lost to
follow-up might lead to excessively optimistic
results. In addition, patients who died or who were
lost to follow-up were not included in the clinical
analysis although their data were included in the
survival calculation to minimise the bias. Despite
these limitations, our study with a relatively long
follow-up and a large number of patients provides
evidence of the clinical durability of the ceramic-on-
polyethylene Zweymiiller-Plus THA.

Conclusions

Our results indicate that the Zweymiiller-Plus system
with ceramic-on-polyethylene bearing showed a
long survival and durability at a mean follow-up of
14.1 years, along with an improvement in osteolysis
of both the SL-Plus stem and Bicon-Plus cup. Longer
follow-up is still necessary to monitor the long-term
outcomes for the Zweymiller-Plus system with
ceramic-on-polyethylene.
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