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Abstract

Background A primary concern of younger, more active
patients who have undergone total hip arthroplasty (THA)
is the longevity of the implant. Cementless fixation and
hard-on-hard bearings are recognized as options to enhance
THA durability. Earlier, we published a series of 83
cementless primary THAs using 28-mm metal-on-metal
(MoM) bearings in patients aged 50 years or younger; here
we provide concise followup on that same group after an
additional 8-year survey period.

Questions/purposes (1) What is the long-term survivor-
ship of cementless primary THA using 28-mm MoM
bearings in patients aged 50 years or younger? (2) What
are the clinical and radiographic results of cementless THA
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in this active patient population? (3) Can any of the
observed implant failures or adverse events be attributed to
the metallic nature of the bearing couple?

Methods We retrospectively reviewed 83 cementless
THAs performed in three institutions over a decade (1995-
2004) in 68 patients with 28-mm MoM articulation. All
patients (15 bilateral) had a median age of 42 years (range,
24-50 years) at the time of the index procedure and 56 of
them (82% [70 hips]) had activity level graded Devane 4 or
5 before significant hip pain. A 28-mm Metasul™ articu-
lation was used with an Alloclassic-SL™ cementless stem
in all cases paired with three different cementless titanium
acetabular components (one threaded and two press-fit
cups) from the same manufacturer. Survivorship analysis
was calculated according to Dobbs life table, patient clin-
ical results were evaluated with use of the Postel-Merle
d’Aubigné scoring system, radiographic analysis was per-
formed by independent observers, and cobalt level was
determined in whole blood.

Results The 15-year survivorship (33 hips at risk) for
revision for any reasons (four hips) and for aseptic loos-
ening (one hip) was 96% (95% confidence interval [CI],
81%—-99%) and 99% (95% CI, 85%—-99.9%), respectively.
The median Merle d’Aubigné-Postel score remained
stable at 17 points (range, 10-18). Thus far, we have not
observed pseudotumors or other adverse reactions to
metallic debris. Eight hips have undergone reoperation:
trochanteric suture removal (one), psoas tendon impinge-
ment (two), and five revisions for periprosthetic fracture
(one), late infection (two), acetabular osteolysis (one, as a
result of polyethylene backside wear), and one hydroxya-
patite-coated cup for aseptic loosening. None of the
complications, failures, or revisions observed so far could
directly be related to the metallic nature of the 28-mm
Metasul bearings used in this selected group of patients.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-016-4920-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-016-4920-2&amp;domain=pdf

Delaunay et al.

Clinical Orthopaedics and Related Research®

Conclusions The current survey at 13-year median fol-
lowup has not yet indicated any long-term deleterious
effects related to dissemination of metallic ions. Two
senior authors continue to use 28- or 32-mm Metasul ™
bearings with cementless THA components in young and
active patient populations. Longer followup with a more
sophisticated imaging study is necessary to confirm this so
far positive report.

Level of Evidence Level 1V, therapeutic study.

Introduction

Because of the well-established success of primary THA, it
has been used in younger patients for some time. The 2013
Swedish Hip Arthroplasty Register (SHAR) reported that
7% of men and 4% of women were younger than 50 years
of age when getting their primary surgery, and this pro-
portion of patients has stayed relatively constant over the
last 20 years (1992-2013) [14]. Nevertheless, the longevity
of their arthroplasty is a major concern for younger and
active patients with longer life expectancies undergoing
THA. The risk of aseptic loosening increases by 1.8%
for each year of age reduction at the time of index
surgery [38].

The most recent 2013 analysis from the SHAR notes
that young age (ie, younger than 50 years) substantially
reduces the survival of all types of primary THAs. In this
analysis, the rates of revision for all diagnoses and all
reasons were 57% and 59% for female and male patients,
respectively [14]. Moreover, high activity level is recog-
nized as the major factor affecting prosthetic reconstruction
durability as a result of conventional polyethylene (PE)
wear [43]. As a consequence, the use of hard-on-hard
bearings has been proposed as an alternative to traditional
low-friction arthroplasty.

In 2004, a large data-based matched case-control study
indicated that metal-on-metal (MoM) bearings in conven-
tional THA could demonstrate a lower risk of aseptic stem
and/or cup loosening than metal-on-PE (MoP) bearings in
the general population [40]. In addition, it is currently
advised that patients with implanted MoM bearings should
receive regular and standardized monitoring of metal ion
concentrations [23]. Experience in France with Metasul ™
(Zimmer-Biomet, Winterthur, Switzerland) 28-mm bear-
ings started in 1994 [10]. Midterm results of this series
were published in 2008 [11]. At that time, after a median
followup of 7 years, we observed no radiographic evidence
of component loosening and the 10-year survivorship with
revision for any reason as the endpoint was 100% (95%
confidence interval, 90%-100%). Here, we provide a
concise followup on those same patients with an additional
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survey period of 8 years and the addition of cobalt blood
level analysis performed in two institutions that was
incomplete at the time of our 2008 publication. We focused
particular attention on survivorship, clinical and radio-
graphic results, and any complication that might be related
to the metallic nature of the bearing couple.

Specifically, we asked: (1) What is the long-term sur-
vivorship of cementless primary THA using 28-mm
Metasul bearings in patients aged 50 years or younger? (2)
What are the patient-reported outcomes of cementless
implants in this population? (3) Can any of the observed
implant failures or adverse events be attributed to the
metallic nature of the bearing couple?

Patients and Methods

This retrospective study was carried out in three ortho-
paedic settings, one private and two university teaching
departments. Between January 1995 and December 2004,
we performed 5730 primary THAs. On 419 occasions
(7.3%), we used 28-mm Metasul bearings; of those
Metasul THAs, 110 (26.3%) were performed in patients
aged 50 years or younger, mostly with cementless implant
fixation. During the inclusion study period, we used no
other hard-on-hard bearings (either MoM or ceramic-on-
ceramic). To reduce heterogeneity in the patient popula-
tion, we excluded patients with at least one cemented
implant, low activity level, rheumatoid arthritis, juvenile
arthritic hips, and high dysplasia (greater than Crowe II).
Finally, 27 (25%) of the 110 Metasul THAs performed in
patients aged 50 years or younger were excluded for the
following reasons: 15 hips according to the study criteria
(dysplasia, five; inflammatory disease, 10); two patients
died (three hips) in the first postoperative year; and nine
patients (nine hips) had no adequate followup. That left 68
patients (83 hips; 75% of the 110 THAs performed in
patients aged 50 years or younger) available at a median
13-year followup (range, 2-19 years). Seven male
patients (eight hips, 10% of the index cohort) died of
causes unrelated to their arthroplasty: two lung cancer
(one at 18 months postsurgery), three postcirrhotic hepatic
neoplasms, one suicide (two hips), and one ischemic heart
attack. Eleven THAs (13%) have not been reviewed in the
last 5 years (since 2010).

The 55 male and 13 female patients (sex ratio 4.2:1) had
a median age of 42 years (range, 23-50 years) and were
graded Charnley A, B, and C for 33, 30, and five patients,
respectively, at the time of their primary THA. Using the
classification of Devane et al. [16], 70 hips in 56 patients
(82%) demonstrated preoperative activity level graded 4
and 5, and 13 hips were in 12 Grade 3 patients (18%).
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Preoperative diagnoses included aseptic necrosis in 35 hips
(42%), secondary arthritis in 29 hips (dysplasia Crowe I
and II, 23; posttrauma, four; Legg—Calvé—Perthes disease,
two), and primary osteoarthritis in 19 hips. Previous sur-
gery was noted in 15% of hips.

In all cases, a cementless Alloclassic-S grit-blasted
titanium femoral component (Zimmer-Biomet) was
implanted with 28-mm Metasul bearings forged in high-
carbide cobalt-chromium alloy Protasul-21 WF (ISO 5832-
12, Metasul™:; Zimmer-Biomet). All acetabular compo-
nents were cementless titanium metal-backed cups from
the same manufacturer (Zimmer-Biomet): 59 were hemi-
spheric press-fit cups (40 of the Armor-Allofit™ design
with titanium mesh in Lille and 19 hydroxyapatite-coated
in Strasbourg) and 24 were conical threaded rings (grit-
blasted titanium Alloclassic-CSF® in Longjumeau; see
previous report for more details) [11]. All surgeries were
performed by four senior surgeons (CPD, AD, HM, FB)
experienced in hip replacement (one in Longjumeau, two
in Lille, and one in Strasbourg).

Clinical results were graded according to the Postel-
Merle d’ Aubigné (PMA) scoring system [36]. Component
stability and osseointegration were assessed according to
the method described by Engh et al. [19] (calcar atrophy,
spot welds, stress shielding, and pedestal) on the femoral
side and osteolysis was measured by the DelLee and
Charnley method on the socket side [13]. Heterotopic
ossification was graded according to the Brooker classifi-
cation [4]. Conventional radiographic analysis was
performed in each center by an independent observer not
involved in the index surgeries (SP, BP, MB). More
extensive imaging by ultrasound or CT scan was performed
only in case of clinical concern. Cobalt levels were mea-
sured in whole blood but in only two centers (Lille and
Longjumeau), initially by atomic absorption spectrometry
(AAS) and more recently by the highly precise inductively
coupled plasma/mass spectrometer (ICP/MS) technique. In
case of reoperation-revision, we noted macroscopic aspect
of the bearings, presence of metallosis, and degree of
damage to surrounding soft tissue.

LTM

Statistical Analysis

Survivorship analysis was conducted according to the
Dobbs life table with 95% confidence intervals calculated
with the Wilson quadratic method [17].

Results

In this selected population, THA performed with Metasul
bearings continued to demonstrate high survivorship. The

15-year survivorship rates with 33 hips at risk (40% of the
index cohort) for the endpoints—hip reoperation for any
cause (eight procedures), revision (defined as exchange of
at least one prosthetic component) for any reasons (three
hips during the 15-year period and one 17 years after pri-
mary THA for hematogenous infection; Table 1), and
revision for aseptic loosening (one hip)—were 91% (95%
confidence interval [CI], 72%-98%), 96% (95% CI, 81%—
99%), and 99% (95% CI, 85%—-99.9%), respectively. At the
current 13-year median followup review, the revision
percent observed component-years was 0.37.

Validated patient outcomes and radiographic results
with cementless implants remained satisfactory when
compared with our earlier results. The median PMA score,
17 in our 2007 review, remains stable at 17 points (range,
10-18) with a very good to excellent global score (16—18
points) for the 72 hips of the 59 nonrevised and living
patients. Femoral osseointegration was confirmed by
radiographic evidence of periprosthetic spot welds in 62%
of hips and calcar lysis (round neck) in 23%. Heterotopic
ossification was noted around 23 hips (32%) and classified
as Brooker I in 17 hips (74%) and II and III in six hips
(26%, three hips each). On the acetabular side, we noted 14
lIucent lines (10 in Zone 1 and four in Zone 3) and five
osteolytic lesions. Four were behind empty screw holes
(one Armor-Allofit and three press-fit hydroxyapatite cups
suggesting backside wear) and one more aggressive lesion
was seen in Zone I at 11 years above a CSF-threaded cup
implanted in 1997 in a 47-year-old woman.

At the time of our previous report, two hips had already
undergone reoperation (one for trochanteric suture removal
and another for psoas tendon release impingement) and no
revision was necessary [11]. Since then, we performed two
further reoperations for another psoas tendon release
impingement; one Vancouver Bl periprosthetic fracture
5 years after index THA that healed uneventfully with
cerclages; and four revisions (Table 1). Of those, two
revisions were performed for hematogenic deep infection;
the first infected hip (streptococcus G equisimilis sep-
ticemia) was fully revised at 6 years and the second for
acute joint infection (methicillin-sensitive Staphylococcus
aureus from a severe stomatologic osteitis) 17 years after
the index THA was treated in two stages with conservation
of the nonbearing components. The hip with asymptomatic
osteolytic lesion above a CSF-threaded cup was also the
result of PE backside wear (Fig. 1) and was treated by
curettage, allograft, and retention of the stable stem and
cup with new Metasul components and an excellent clinical
result at 5.10 years. Finally, one hydroxyapatite-coated cup
was revised for aseptic loosening 10 years after the initial
THA performed for avascular head necrosis in a 48-year-
old man. In all reoperation or revision procedures, no
visual evidence of macroscopic metallosis was reported.
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Table 1. Dobbs life table and 95% confidence intervals according to the Wilson quadratic method for the endpoint “THA component revision

for any cause’ (three revised hips)

Annual Reviewed Lost to Death Component Number Superior Inferior Survival
interval followup revision for of hips interval (%) interval (%) (%)
any cause

0-1 83 0 0 0 83 100 95.58 100
1-2 82 0 1 0 83 100 95.55 100
2-3 82 0 0 0 82 100 95.52 100
34 82 0 0 0 82 100 95.52 100
4-5 81 1 0 0 82 100 95.5 100
5-6 77 3 0 1 81 99.78 93.23 98.75
6-7 77 0 0 0 77 99.78 93.08 98.75
7-8 71 0 0 0 77 99.78 93.08 98.75
8-9 76 0 1 0 77 99.78 93.05 98.75
9-10 74 2 0 0 76 99.78 92.96 98.75
10-11 69 4 0 1 77 99.31 90.67 97.39
11-12 56 8 3 1 69 98.68 87.82 95.87
12-13 50 5 1 0 57 98.79 86.85 95.87
13-14 31 18 1 0 51 98.96 85 95.87
14-15 15 11 0 0 32 99.22 80.9 95.87
15-16 8 2 0 0 21 99.36 77.59 95.87

We encountered two other complications: one sciatic nerve
palsy with partial recovery and one late dislocation (at
8 years) treated by close reduction with no recurrence thus
far.

For the 56 hips with available data, the last sample of
whole blood cobalt level was < 1 g/L for 28 hips (50%) and
< 5 pg/L in all other hips except one (median, 1.5 pg/L;
range, 0.4-8 pg/L). Median blood cobalt level was 1.4 ng/
L for 38 patients with unilateral MoM THA and 1.76 pg/L
for nine patients with bilateral MoM THA (426%). The
higher cobalt level (8 pg/L) was detected at 61 months
postindex surgery performed in an alcoholic 45-year-old
patient, who described clinical signs of subluxation but
refused further followup and died in 2004 of postcirrhotic
hepatic neoplasm.

Discussion

In its last electronic 2013 issue, the Swedish Hip Registry
showed survivorship of approximately 75% at 15 years in
patients younger than 50 years of age [14]. Reduced
implant survivorship has long been noted in young patients.
Because of longstanding concerns regarding the durability
of MoP bearings, we began using hard-on-hard bearings in
1994 as an alternative to traditional low-friction
arthroplasty. Our survival rate for THA revision of 96% at
15 years with cementless 28-mm MoM THA components
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indicates a substantial improvement in this selected group
of young and active patients. We believe that our exclusion
criteria, which select not only young but highly active
patients, allows a clearer test of the effectiveness of
cementless THAs with 28-mm Metasul bearings in
improving THA longevity.

This study has obvious limitations. Acetabular implants
are of three different types with three different surface
treatments, although all are from the same manufacturer.
This small group of patients was initially followed in three
different centers. Since our first review, we created a
centralized database that was completed and improved with
time. This has corrected missing or wrong information and
explains some variation in demographic data (median age,
bilateral THAs) compared with those published in 2008
with no effect on the overall results and main observations.
Currently, eight of the nine patients with insufficient fol-
lowup to be included in the 2007 study group have been
regularly reviewed since but were omitted from the 2015
study group to avoid possible skewing of results. Biologic
surveys were not performed in one center and results came
from two different laboratories with different techniques
over the study period. Finally, although we observed no
pseudotumor or other adverse reaction to metallic debris at
reoperation-revision, we note that ultrasound, CT scan, or
MRI investigations were not systematically performed;
thus, asymptomatic soft tissue lesions might have escaped
our survey [27].
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Fig. 1A-E (A) Prerevision AP radiograph shows an expansile
osteolysis in Zone I above a Metasul threaded cup 11 years after
primary THA in a 58-year-old active woman with no clinical
symptoms; (B) prerevision tomodensitometric view; (C) aspect of the
hip at revision surgery: note the macroscopic absence of any

metallosis, tissue necrosis, nor creamy-like swelling; (D) aspect of
the backside of the polyethylene inlay with obvious surface deteri-
oration; (E) radiographic aspect 5.10 years after grafting and new 28-
mm Metasul components.
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We found generally high Merle d’ Aubigné-Postel scores
and reliable osseointegration with these cementless pros-
thesis designs. Femoral component fixation in patients
younger than 50 years old is less debated today than at the
onset of our experience. Modern cementing techniques and
cementless femoral components showed good results with
10-year survival rates regularly greater than 95%
[1, 5, 31, 33, 35, 46-48]. In this study, none of the 83
Alloclassic-SL stems have been revised for aseptic loos-
ening after a median followup of 13 years in situ indicating
that this cementless grit-blasted titanium straight taper
design was well adapted to the standard femoral configu-
ration selected according to the inclusion criteria. Atrophy
and possibly light osteolytic lesion in the calcar area are
frequently reported with this implant with no deleterious
effect as confirmed by postmortem study of femoral oste-
olysis associated with well-functioning Alloclassic-SL
MoM articulation [25]. In a meta-analysis comparing
cemented and cementless THA fixation in patients younger
than 50 years, only two studies fulfill the British NICE
criteria (followup of > 10 years and survival of > 90%)
with a majority of inflammatory hip diseases and dysplasia
[9]. Recently, the Nordic Arthroplasty Register Association
(NARA) database indicated an overall 10-year survival of
83% for cementless stems with a relative risk of revision
for aseptic loosening of 0.55 (0.44-0.69) compared with
cemented THA [41]. The situation is quite different on the
acetabular bearing side with disappointing results of con-
ventional PE, either monobloc [20, 21, 30, 32, 42, 48, 50]
or in modular metal-backed [7, 18, 37]. As a result, there
has been substantial interest in use of hard-on-hard bear-
ings (MoM or ceramic-on-ceramic [CoC]) or highly
crosslinked PE [45], recently vitamin E-doped. Cemented
low-friction arthroplasty cannot achieve sufficient long-
lasting outcome in patients younger than 50 years old.
Even in skilled hands, survival for all causes was 85.4% +
5% at 20 years, 76% (cup only) at 22 years, and 81% at
30 years [21, 32, 42]. In a series of matched patients
younger than 50 years of age comparing Metasul 28-mm
with ceramic-on-PE, better survivorship was achieved with
the MoM combination [37]. In the meantime, other expe-
riences with high-carbide 28-mm MoM bearings paired
with conventional cementless THAS in patients 50 years of
age and younger were reported with thus far excellent
results. In a Korean study, 28-mm Metasul on cementless
CLS"™ stem-Wagner™ cup (Zimmer-Biomet) showed 13-
year survival of 99% and 98% for revision resulting from
any reason and attributable to the development of osteol-
ysis for any lesion, respectively [26]. In another series from
Germany, 28-mm Metasul on cementless CLS stem-press
fit titanium cup (Zimmer-Biomet) provided 13-year sur-
vival of 91% and 99% for revision as a result of any reason
and resulting from aseptic implant loosening, respectively
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[28]; our results are in the same range. In an observational
meta-analysis (29 studies) in patients younger than
55 years old (4085 patients) comparing bearing articula-
tions, the 10-year survival rate was 95%, 92%, and 89% for
THAs using MoM, MoP, and CoC, respectively, support-
ing the use of MoM articulations in young active patients
[44]. In one prospective randomized study comparing 28-
mm Metasul with CoC-Cerasul bearings at 9 years, neither
bearing outperformed the other radiographically or clini-
cally [15]. These data indicated that, provided
osseointegration of the acetabular component is achieved,
satisfactory long-term results can be obtained in younger
and active patients with high-carbide 28-mm Metasul
articular bearing surfaces through a variety of cementless
shell profiles.

MoM bearings were mainly used in English-speaking
communities for young and active patients through hip
resurfacing (HR) and large head (LH) THA. Short-term
results of HR in patients younger than 50 years were
somehow disappointing with 94% survivorship at 5-year
followup [2]. However, more importantly, various highly
concerning events, mainly resulting from previously nearly
unknown adverse reactions to metal debris, hypersensitiv-
ity, acute lymphocytic  perivascular infiltration,
pseudotumor, and potentially induced systemic adverse
effects, in conjunction with high failure rates of some
specific implants (ASR™ hip resurfacing; DePuy, Warsaw,
IN, USA), induced a very poor general and media leaders’
opinion about MoM bearings [6]. These concerns led to a
dramatic reduction in HR and LH THA use by the
worldwide orthopaedic community [22, 39]. MoM bearings
are associated with the potential risk of systemic dissemi-
nation of metallic ions [12, 29]. This is of particular
concern for young and active patients who are then
exposed to higher levels of ions for a longer lifetime.
Conversely, blood and serum cobalt and chromium ion
levels are not markedly affected by patient activity [24].
Measured systemic metal levels must be used to monitor
MoM hip arthroplasties [30], but the methodology is
demanding and controversy remains with respect to ana-
lytic techniques, units, and acceptable range level [12]. In
2012, an European consensus recommended circulating
metallic ion determination in whole blood by AAS or ICP/
MS (both techniques used in our study) with a reference
value within the range of 2 to 7 pg/L [22]. In our study, the
latest available blood cobalt level was on all occasions
below the 7-pg/L threshold value for clinical concern.
Although Type IV hypersensitivity reactions have been
described around failed MoM THAs [8, 49], carcinogenic
concern has lost consistency considering epidemiologic
data reported in the Nordic population [34]. An additional
8-year survey has not yet detected any deleterious effects
associated with metallic ion chronic dissemination. When
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MoM bearings are being considered, whether in THA or
with surface replacement arthroplasty, risks and benefits
should be carefully balanced preoperatively, particularly in
younger individuals. Besides renal insufficiency and
patients with allergic disposition, women of childbearing
age are not recommended candidates as a result of
transplacental transfer of metallic ions [3, 51].

None of the complications, failures, or revisions
observed in this series could directly be related to the
metallic nature of the 28-mm Metasul bearings. These data
indicated that our initial (2005) hypothesis about the good
performance of cementless THA implant with 28-mm
hard-on-hard metallic bearings remains valid 10 years
later. Nevertheless, at this 2015 review, the median age of
the 59 living and nonrevised patients is only 55 years with
a large range, from 34 to 65 years, thus indicating for a
majority of them a predictable life expectancy over
30 years. Indeed, improving THA longevity in active
patients aged 50 years and younger still remains a chal-
lenge. Two senior authors (CD, HM) are still currently
using 28- or 32-mm Metasul bearings in active (Devane 4
and 5) mostly male patients aged 65 years and younger.
Obviously, continuous followup and longer term results
with extensive imaging (ultrasound, metallic artifact
reduction software MRI) are necessary to confirm our so
far satisfying experience with cementless THA and 28-mm
Metasul articulation.
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