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Femoral Head Size of 36 mm against Highly Cross-linked
Polyethylene in Patients Younger than 60 Years: Minimun
Three Years of Follow Up
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Purpose: The purpose of this study was to evaluate the early results of total hip arthroplasty (THA) performed using large diameter femoral
head against with highly cross-linked polyethylene as a bearing surface in patients less than sixty years of age.

Materials and Methods: Seventy patients were enrolled and retrospectively reviewed. The mean age of patients at index surgery
was 49 years and the mean follow-up period was 61 months. Clinical follow-up involved implementing the Harris hip score (HHS) and a
radiographic evaluation that included linear radiolucency, osteolysis, and loosening. An annual wear rate was performed at 6 weeks; at 3, 6,
and 12 months; and on a yearly basis thereafter.

Results: The average HHS at last follow-up was 94 (range: 82-98). Radiographically, no osteolysis in the pelvis or proximal femur was
observed in any patient. No acetabular cup or femoral stem failed due to aseptic loosening. No eccentric wear was observed on any liner,
and no liner fracture occurred. However, one patient experienced hip dislocation. The average femoral head penetration rate during the first
postoperative year was 0.077+0.026 mm/year, and the average steady-state wear rate was 0.033+0.023 mm/year.

Conclusion: THA with a large diameter femoral head of highly cross-linked polyethylene in patients younger than 60 years of age was
found to produce results comparable to previous in vitro laboratory hip simulation studies. In particular, patient satisfaction was high due to
no limitation in range of mation or hip posture during the early post-operative period. Longer-term follow-up is required to demonstrate the
clinical benefits of this new material more comprehensively.
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more, implants placed in younger patients must also have greater

INTRODUCTION

longevity. Potential concerns regarding the use of highly cross—

Particulate wear debris after total hip arthroplasty (THA) conducted
using conventional ultra—high—molecular-weight polyethylene
(UHMWPE) is closely related to periprosthetic osteolysis and asep—
tic component loosening. Large diameter femoral heads provide
a means of reducing the risk of dislocation, but increases in wear
debris have prevented the widespread use of this option in primary
articulation.™ In general, younger patients have higher activity

levels, and thus, show higher levels of polyethylene wear.” Further-

Received November 21, 2011
Accepted December 8, 2011
Correspondence to: Myung-Rae Cho, M.D.

Department of Orthopaedic Surgery, Daegu Catholic University Medical Center,
3056-6, Daemyeong 4-dong, Nam-gu, Daegu 705-718, Korea

TEL: +82-53-650-4270  FAX: +82-53-626-4272 E-mail: cmr0426@cu.ac.kr

Revised December 5, 2011

ChgFedmIsta|x| : & 472 ®l 15 2012

linked polyethylene include a reduction in yield and ultimate tensile
strengths due to the embrittling effects of the radiation used for
cross-linking.” Even though case reports of early failure implicated
impingement,S) this known reduction in material properties might
imply a theoretical risk in young patients.9> Nevertheless, early and
intermediate—term results of THA using highly cross—linked poly—
ethylene bearing surfaces are promising."'*"" Base on these findings,
we hypothesized that THA conducted using a 36 mm femoral head
paired with highly cross—linked polyethylene would show low rates
of dislocation and no appreciable wear debris. However, it is unclear
whether these lower wear rates are achieved in younger patients,
because of a paucity of clinical data regarding the performance of
THA using large diameter femoral heads on highly cross-linked

Copyright © 2012 by The Korean Orthopaedic Association
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polyethylene in this population. Accordingly, the purpose of this
study was to evaluate the early clinical and radiographic results (at a
minimum follow—up of three years) of THA using a large diameter
femoral head on highly cross—linked polyethylene in patients less

than sixty years old.

MATERIALS AND METHODS

Our institutional ethics committee reviewed and approved the study
protocol, and all patients provide written informed consent before
undergoing screening procedures on April 2010. We retrospectively
reviewed 70 patients (70 hips) that underwent THA with a large di—
ameter femoral head on highly cross—linked polyethylene between
August 2004 and March 2007 (Table 1). The mean age of index
surgery was 49 years (range: 28-59 years, 34 males and 36 females)
and mean follow—up was 61 months (range: 36—78 months). A ce—
mentless metal shell with a porous coating (Trilogy®, Zimmer Inc.,
Warsaw, IN, USA) and a highly cross—linked polyethylene liner
with an inner diameter of 36 mm (Longevity®, Zimmer Inc.) was
placed in all patients. Based on surgeon's preference, one or two
screw augmentations were adopted. Acetabular components had a
mean outer diameter of 54 mm (range: 50-62 mm). The polyethyl—
ene liners were machined from GUR 1020 (Warsaw, IN, USA) 1,050
polyethylene, which had been pre—heated and cross—linked with a 9.5
Mrad electron—beam. The preforms were then melted to eliminate
the remaining free radicals and steriltzed using a gas plasma. FMT
(Zimmer Inc.) components were used in 64 patients who underwent
uncemented femoral fixation and Versys (Zimmer Inc.) components
in 6 patients who underwent cemented femoral fixation. All ce—
mentless stems were inserted using standard press fit techniques to
insure longitudinal and rotational stability, and all cemented femoral
stems were inserted using meticulous third generation cementing

techniques. All surgical procedures were performed by one surgeon

Table 1. Number of Patients and Diagnosis

Diagnosis Number (patients)
Osteonerosis 26
Osteoarthritis 26
Rheumatoid arthritis
Femoral neck fracture
Ankylosing spondylitis 2
Pathologic neck fracture 1
Total 70

using a modified Hardinge approach with the patient in the lateral
position. Sixty patients underwent capsular repair closure. Prophy—
lactic antibiotics were administrated to all patients, and the same
post—operative protocol was used in all. Patients were allowed to sit
on the first post-operative day and stand with support, according to
ability, after blood drainage removal. No range of motion (ROM)
limitation was present immediately after surgery, and no abduction
pillow was used in any patient. Patients were followed at 6 weeks,
and at 3, 6, and 12 months and every year thereafter postoperatively.
The clinical and radiographic evaluation was performed by an in—
dependent surgeon who did not participate in THA. Clinical follow—
ups included specific assessments of possible dislocation, in addition,
Harris hip score (HHS)" was determined. HHS was classified as
excellent (91-100), good (81-90), fair (71-80), or poor (61-70). In
cases that underwent uncemented fixation, the status of fixation of

s method, and in

femoral component was assessed using Engh et al
cases that underwent cemented fixation, femoral components were
assessed the amount of cement filling using Barrack et al”’s method
using immediate postoperative radiographs. The six—-week pelvis
centered over the pubis and cross—table lateral radiographs were
considered to be the baseline studies for radiographic comparison.
The final radiographic evaluation included an assessment of the fix—
ation of the acetabular and femoral components, progression of ra—
diolucency, wear, osteolysis and heterotopic ossification. Abduction
and anteversion angles of the acetabular components and alignments
of the femoral stems were measured on six—week anteroposterior
radiographs. The abduction angle of the acetabular component was
measured using the method described by Engh et al” and Kennedy
et al."” The anteversion of the acetabular component was calculated
using the method of Widmer™ and it also calculated using polyWare
pro 3D distal version 5.10 software (Draftware Developers Inc.,
Vevay, IN, USA). Osteolytic lesions were defined according to the
criteria of Engh et al.'” The lesions were recorded according to the
three zones described by Delee and Charnleym on the acetabular
side and the seven zones described by Gruen et al® on the femoral
side. Heterotopic ossification was classified according to the system
of Brooker et al.”” Penetrations of femoral heads into polyethylene
liners were calculated as two—dimensional linear penetrations on
anteroposterior radiographs of the pelvis using polyWare pro 3D
distal version 5.10 software (Draftware Developers Inc.). The mean
total femoral head penetration was calculated by determining the
magnitude of femoral head penetration shown 1st postoperative and
final follow—up radiographs, and normalizing with respect to the

duration of radiographic follow—up. The total penetration rate of
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the femoral head into the acetabular polyethylene is a result of the
plastic creep and wear of the liner. To separate the early bedding—in
process from steady—state wear, we calculated steady—state wear rate
between 1-year postoperative plain radiographs and final follow—up
plain radiographs.

RESULTS

Average modified HHS at final follow—up was 94+ 104 (range:
82-98), and it was better than 'good' in all cases. Radiographic final
follow—up exams showed stable fixation in all patients with unce-
mented femoral components, and Barrack type A or B in all patients
with cemented femoral components. Mean acetabular shell abduc—

tion and anteversion were 43° (range: 29-53°) and 22° (range: 5-3%°),

Table 2. Summary of Clinical and Radiographic Outcomes
Harris hip score 94+10.4 (range: 82-98)
Merle d’Aubigne and Postel score 15 (range: 15-18)
Complication
Osteolysis
Loosening
Infection
Periprosthetic fracture
Polyethylene liner fracture
Dislocation 1
0.077+0.026 mm/year

O O o o o

Femoral head penetration during bedding-
in time

Average steady-state wear rate 0.033+0.023 mm/year

respectively. There was no radiographic evidence of osteolysis in
the pelvis or proximal femur, and no acetabular cup or femoral stem
failed due to aseptic loosening. Furthermore, there was no evidence
of cup migration, screw breakage, eccentric liner wear, or liner frac—
ture. One patient developed a hip dislocation (Table 2). This patient
had osteonecrosis of the femoral head and hip joint arthritis, which
developed at 18 months after fixation of an acetabular fracture. In
this patient, anteversion of the index cup was 5°. She dislocated at 4
weeks and at 18 months after THA. The patient underwent isolated
acetabular revision at second dislocation, and has done well since.
In all patients, average femoral head penetration during the first
postoperative year (predominantly representing polyethylene creep)
was 0.077£0.026 mm/year, and the average steady—state wear rate
was calculated using 1-year postoperative radiographs and the latest

Steady state wear
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Figure 2. A scatter plot of the femoral head penetration measured
between the first-year postoperative radiographs and acceptable follow-
up radiographs. The steady-state wear rate is represented by the slope
of the best fit linear regression line.

Figure 1. Plain pelvis anterior-posterior
radiograph of a 21-year-old man showed
femoral neck fracture with the chon-
droblastoma (A). Total hip arthroplasty
performed using a 36 mm femoral head in
right hip (B). At 49 months postoperatively,
Harris hip socpre was 98 point and steady-
state wear rate was 0.021 mm/year (C).
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follow—up, and it was 0.033+0.023 mm/year (Fig. 1, 2).

DISCUSSION

Larger diameter femoral heads are believed to be less prone to dis—
location and facilitate higher ROMs.>*** However, the widespread
adoption of larger diameter femoral heads against conventional
polyethylene is limited by the risk of accelerated wear and resulting

> The development of a new cross-linked polyethylene

osteolysis.
with improved wear characteristics, according to early laboratory
and clinical studies, could reduce the risk of wear. Hip simulator
studies have also demonstrated very low wear rates for even larger
heads when a highly cross-linked polyethylene liners are used.”
Especially, accelerated rates of polyethylene wear and the increased
prevalence of osteolysis are particularly important problems in
young, more active patients,é) and previous studies have reported
that a direct relationship exists between the amount of wear and the
rate of periprosthetic osteolysis. Polyethylene wear rates of less than
0.1 mm per annum have been associated with freedom from osteol—
ysis, whereas rates exceeding 0.3 mm per annum have been reported
to result in inevitable osteolysis.” Therefore, alternative bearing
surfaces have been introduced to minimize wear particle-induced
implant failure. In particular, highly cross-linked polyethylene was
introduced for use in THA to reduce periprosthetic osteolysis sec—

% This electron beam—irradi~

ondary to a reduction in wear debris.
ated highly cross-linked polyethylene has been extensively studied,
and shown to have substantially improved wear characteristics in
vitro. Furthermore, these reductions in wear appeared have been
reported to be independent of head size.**?

In the present study, even though one patient experienced a hip
dislocation, patient satisfaction was high due to no ROM or hip
posture limitation during the early post—operative period. However,
despite the stability advantage observed during this study, the occur—
rence of this dislocation indicates the importance of proper orienta—
tion of the acetabular and femoral components during surgery.”
Some obstacles exist regarding the use of a large diameter femoral
head on highly cross—linked polyethylene. Polyethylene thickness
is considered an important wear rate factor, a patient must have a
50 mm diameter acetabulum to allow a 36 mm femoral head to be
used. Even though insuring adequate polyethylene thickness may
or may not be an issue with highly cross—linked polyethylene, this
evidence concerns the increased wear rates of thin UHWPE lin—
ers % Tn the present study, acetabular components had a mean

outer diameter of 54 mm (range: 50-62 mm), and thus, need careful

observation for polyethylene wear because liners were less than 6
mm thick. Even though edge fractures (3 cases among 150,000) of
highly cross-linked polyethylene liners were attributed in one study
to component malpositioning, it might still be an important issue.
The possibility of fatigue failure due to decreases in yield strength
and ultimate tensile strength caused by the cross—linking process
emphasizes the need for long-term in vivo studies in young active
patients. The early bedding—in of the femoral head resulting from
plastic creep and other factors can confound early measurements
of wear. Estok et al® reported a femoral head penetration result—
ing from creep of ~0.1 mm for both conventional and highly cross—
linked polyethylene. In the present study, the magnitude of femoral
head penetration during the first postoperative year was 0.07740.026
mm/year. We found that the early annual wear rate (0.033+0.023
mm/year) of cross—linked polyethylene in patients less than 60 years
was lower than for conventional polyethylene, and comparable to
published data for older populations. Minor differences between our
values for wear rate and published values are probably due to mea—
surement errors associated with measurement techniques. This is
reflected in the fact that the wear rate observed in the present study
is similar to the standard deviation. However, it should be noted that
the present study has limited statistical power because the cohort
was not prospectively randomized and the follow—up was relatively
short. Nonetheless, the early result of THA with a large diameter
femoral head on highly cross—linked polyethylene in patients less
than 60 years was found to be comparable with in vitro laboratory
hip simulation studies, and was found to be associated with high
patient satisfaction due to no ROM or hip posture limitations during
the early post—operative period. However, further follow—up studies
are required to evaluate long—term wear—rates and the development

of osteolysis.

CONCLUSION

THA with a large diameter femoral head on highly cross—linked
polyethylene in patients less than sixty years of age was found to
produce the results comparable to previous in vitro laboratory hip
simulation studies. In particular, patient satisfaction was high due to
no ROM or hip posture limitation during the early post-operative
period. Longer—term follow—-up is required to demonstrate the clini—

cal benefits of this new material more comprehensively.
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