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Abstract

Introduction Few studies have examined the survival rates of total hip arthroplasty (THA) with the same femoral stem, and
the predictive factors leading to the revision of stemmed metal-on-metal (MoM) THA remain unknown. We determined
the long-term survival rate of stemmed MoM THA compared with that of metal-on-polyethylene (MoP) bearing THA, the
effect of head size and cup placement angle on revision rate, and predictors of revision.

Materials and methods A total of 130 hips in 110 patients who underwent primary THA by the same surgeon were included.
M2a-RingLoc with a metal-on-polyethylene bearing (group P, 53 hips), M2a-Taper with MoM bearing (group T, 44 hips),
and M2a-Magnum with MoM bearing (group M, 33 hips) were used. The mean age at surgery was 63.1+9.5 years, and
the mean postoperative follow-up duration was 133.7 +39.1 months. Whole blood metal ion concentrations were measured
preoperatively and postoperatively, and magnetic resonance imaging was performed to identify aseptic local tissue reactions
(ALTRs). Kaplan—Meier survivorship analysis and multiple logistic regression analysis were performed.

Results The THA survival rate up to the maximum postoperative follow-up period was 96.2% at 173 months, 46.6% at
179 months, and 47.8% at 145 months in groups P, T, and M, respectively, with revision as the endpoint. The stemmed MoM
THA recorded a very low survival rate (p <0.001). The ALTR rates were 70.5% and 63.6% in groups T and M, respectively.
The risk factor for revision was the use of MoM bearing, and there was no difference in the results based on the head size in
group M. Cobalt levels continued to increase postoperatively, although they were not accurate predictors of revision.
Conclusions Stemmed MoM THA has a very low survival rate and should be used with caution. It is important to monitor
the patient’s symptoms and perform appropriate imaging to ensure timely revision.
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Introduction
Background

Metal-on-metal bearing (MoM) total hip arthroplasty (THA)
has been evolving since 1990, with the development of resur-
facing MoM THA [i.e., hip resurfacing (HR)] and stemmed
MoM THA. These procedures have been used mainly in
highly active young people, because they are expected to
confer high dislocation resistance with low wear. However,
starting in 2006, postoperative pain, osteolysis, and necrosis
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of soft tissues around the hip joint have been reported [1-3].
Such abnormal tissue reactions around the hip joint include
aseptic lymphocyte-dominated vasculitis-associated lesions,
adverse reactions to metal debris (ARMD), aseptic local
tissue reactions (ALTRs), and pseudotumor. The incidence
of ALTRs was found to be higher in stemmed MoM THA
than in HR [1, 2], suggesting that metal corrosion at the
head-neck junction, called taper junction failure or trun-
nionosis, is the cause [1, 3].

The timing of revision is important because the patho-
genesis of ARMD, and ALTRs, if left untreated, may lead
to necrosis of the periarticular bone and muscles, resulting
in repeated dislocation and periarticular muscle dysfunction
even after revision. The U.S. Food and Drug Administra-
tion recommends early revision for advanced ALTRs [4].
We have also experienced that muscle reconstruction can be
very difficult, and it is highly desirable to perform revision
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before soft tissue failure occurs. Additionally, in a previ-
ous report, pseudotumor was significantly more common in
symptomatic cases [5]. In the UK, magnetic resonance imag-
ing (MRI) was recommended in all symptomatic patients
after MoM THA [6]. In our hospital, we also performed MRI
for patients who had undergone MoM THA and were expe-
riencing little pain in the affected area, and we monitored
them carefully. Ongoing hip pain and pseudotumor enlarge-
ment over time, as determined by MRI, were indications for
revision surgery.

Rationale

The U.K. Medicines and Healthcare Products Regulatory
Agency published postoperative management guidelines for
MoM THA in 2012 [6]. Elevated blood cobalt and chromium
levels were identified as findings suggestive of a possible
soft tissue reaction, and a threshold of 7 ppb was proposed.
Contrarily, Hart et al. reported that the diagnostic sensitivity
of ALTRs was only 51% when 7 ppb was used as a cutoff
value [7]. Furthermore, Kwon et al. stated that blood metal
concentration alone is not an indication for surgery [8]. It
remains controversial whether metal ion concentrations in
postoperative blood are useful for monitoring the develop-
ment and progression of ALTRs. Moreover, measurement of
blood metal ion concentrations is not a routine test because
it is not covered by insurance companies in some countries.
Test effectiveness and efficiency also need to be improved. It
also remains unclear whether postoperative blood metal ion
concentrations can be a predictor of revision due to ALTRs.

The effects of the implant type, age, sex, head size, and
cup placement angle on ARMD, ALTRs, and pseudotumor
after stemmed MoM THA have been reported. However,
there are conflicting reports that women aged <40 years
have a higher risk of pseudotumor [9] and that age and sex
are not related to the occurrence of pseudotumor [10]. There
are also reports that pseudotumors are caused by metal ion
release due to edge loading resulting from differences in
cup design or poor cup installation [11-13]. Regarding the
influence of the implant type in HR, implants such as the
Articular Surface Replacement™ (DePuy Orthopaedics,
Inc., Warsaw, IN, USA), Conserve® Plus hip resurfacing
system (Wright Medical Technology, Nashville, TN, USA),
and Cormet™ Hip Resurfacing System (Corin, Cirencester,
UK) are known to be prone to the occurrence of ALTRs,
and the revision rate is relatively high [14, 15]. However, the
occurrence of ALTRs and revision rate are not clearly speci-
fied for stemmed MoM THA. Regarding the effect of head
size, the head size of stemmed MoM THA was reported to
affect the occurrence of ALTR [1, 3, 10].

Among the stemmed THA materials, there is a choice
of polyethylene and metal liners available from Zimmer-
Biomet’s M2a line (Zimmer-Biomet, Warsaw, IN, USA), and
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the M2a-Magnum, which allows the use of a large head, was
introduced later. Despite reports of the medium- to long-
term outcomes of various implants in MoM THA, no studies
have compared the use of polyethylene and metal liners or
small and large femoral heads with the same surgeon and
the same stem. Thus, the purpose of this study was to deter-
mine the (1) long-term survival rate of stemmed MoM THA
compared with that of metal-on-polyethylene (MoP) bearing
THA, (2) effect of head size and cup placement angle on
revision rate, and (3) predictors of revision.

Materials and methods
Participants

A non-blinded, prospective, randomized clinical trial was
designed to compare the survival rates of primary MoP THA
and primary MoM THA.

Among the patients with osteoarthritic diseases who
underwent primary THA performed by the same surgeon at
our hospital between June 2006 and July 2010, 118 patients
with 140 hips met the eligibility criteria for our study. The
exclusion criteria were as follows: (1) endocrine disorders
affecting bone metabolism (excluding primary osteoporosis),
(2) osteoarticular diseases not affecting the hip joint, (3)
history of trauma requiring rest for more than 1 month, (4)
inability to walk without support (need for walkers or wheel-
chairs), and (5) presence of metal in the body before THA.
First, patients were randomly assigned to THA with a MoP
or MoM bearing based on their birth month. Patients born
in odd-numbered months were assigned to the MoP bearing
group, and patients born in even-numbered months were
assigned to the MoM bearing group. Since April 2009, when
M?2a-Magnum became available, it has been used in MoM
THA instead of M2a-Taper. All procedures were performed
using a posterolateral approach, and the patient walked with
their full weight on the first postoperative day. Among them,
110 patients with 130 hips who could be followed up for
more than 2 years after surgery were finally included in the
study (Fig. 1).

Implants

We used the M2a-Ringloc with a metal-on-polyethylene
bearing (M2a-MoP: group P), M2a-Taper (group T) with a
MoM bearing, and M2a-Magnum (group M) with a MoM
bearing, all manufactured by Zimmer-Biomet. The metal
liners were made of forged cobalt—chromium, and the bear-
ing surface was machined and polished. The liner was fixed
with a tapered lock, and the back side of the M2a tapered
liner was blasted. The system was available with two dif-
ferent head diameters, 28 mm and 32 mm, to match the
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Consecutive patients who underwent M2a primary total hip
arthroplasty between June 2006 and July 2010

Exclusion criteria:

1) endocrine disorders that affect bone metabolism other than
primary osteoporosis

2) osteoarticular disease other than hip joint

3) history of trauma requiring bed rest for >1 month

4) using walking aid

5) presence of metal in the body before THA

— 118 patients (140 hips) remained

Further exclusion:

- early revision due to pain of unknown origin
(1 patient, 2 hips)

«lost to follow-up < 2 years after surgery

(7 patients, 8 hips)

\ 4

A 4
110 patients (130 hips)

Fig. 1 Study flowchart. THA total hip arthroplasty

cup diameter. M2a-Magnum had different head diameters
depending on the cup size. The modular head was made of
cobalt—chromium alloy, cast, and polished. All were secured
with tapered locks. The stem was a cementless Bi-Metric
XR (Zimmer-Biomet) designed for Japanese patients, which
was porous proximally and available in four shapes (SPP, for
champagne-fluted medullary cavity with a neck-shaft angle
of 131.5°; RPP, for standard Japanese medullary cavity with
two neck-shaft angles of either 131.5° or 126.5°; and CDH,
for severe secondary osteoarthritis and stove-piped medul-
lary cavity with a neck-shaft angle of 131.5°).

Blood tests

Metal ion concentrations in whole blood and bone metabo-
lism markers in serum were measured preoperatively and
at 6 months, 1 year, and 2 years postoperatively. Metal
ion concentrations were also measured during the revi-
sion surgery. The measured metal ions were cobalt and
chromium. Cobalt was measured by inductively coupled
plasma analysis (standard value: 0.12-0.41 pg/L) and chro-
mium by atomic absorption spectrophotometry (standard
value: less than 10 pg/L). The bone metabolism markers
were type I collagen cross-linked N-telopeptide (NTX)
and bone alkaline phosphatase (BAP). NTX was measured
by enzyme immunoassay (reference values: females after
menopause 10.7-24.0 nmol BCE/L; females before meno-
pause 7.5-16.5 nmol BCE/L; and males 9.5-17.7 nmol
BCE/L). BAP was measured by chemiluminescent enzyme
immunoassay (reference values: females after menopause
3.8-22.6 pg/L; females before menopause 2.9-14.5 pg/L;
and males 3.7-20.9 pg/L).

Imaging evaluation

In all patients, plain radiography and computed tomogra-
phy were performed preoperatively and postoperatively
to evaluate loosening and osteolysis. In all 77 hips with
MoM THA (44 hips in group T and 33 hips in group M),
MRI of the hip joint was performed to evaluate ALTRs
at least once a year starting 1 year postoperatively using
a Siemens MAGNETOM Avanto 1.5T-MRI system. To
reduce metal artifacts, MRI was performed using a metal
artifact reduction sequence. The hip joint was evaluated
mainly using the horizontal section. In group P, MRI was
performed when the patient complained of pain.

Criteria for revision surgery

In the MoM THA group, when the patient continued to
have dull pain and there was an increase in ALTR findings
on MRI, we recommended THA revision to the patient and
performed it with the consent of the patient.

Statistical analyses

Data were compared among the three groups (P, T, and M).
Fisher’s exact probability test and the Kruskal-Wallis test
were used to analyze the demographic data of the patients.
The Kruskal-Wallis test and multiple comparisons (with
Bonferroni adjustment) were used to compare blood metal
ion concentrations and bone metabolism markers preop-
eratively and at 6 months, 1 year, and 2 years postopera-
tively. The cumulative survival rate was calculated using
the Kaplan—-Meier method with revision as the endpoint,
and risk factors for revision were identified by multiple
logistic regression analysis, with revision as the depend-
ent variable. Receiver operating characteristics (ROC)
curves were drawn for the identified risk factors, and the
sensitivity and specificity were calculated. Significance
was set at p <0.05. The statistical analysis software used
was IBM SPSS Statistics version 25 (IBM Corp., Armonk,
NY, USA).

Ethical considerations

This prospective study was performed in accordance with
the ethical standards of the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.
The study was approved by the institutional review board at
our university (no. 1414), and all study participants provided
informed consent to participate in the study and to publish
the results.
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Results
Demographic data and clinical outcomes

The demographic data and clinical outcomes for the study
patients are shown in Table 1. The primary diseases were
osteoarthritis in 101 patients with 118 hips and osteonecrosis
of the femoral head in 9 patients with 12 hips. The mean age
at the time of surgery was 63.1+9.5 years (mean + standard
deviation) in 93 female and 17 male participants. Periopera-
tive complications included dislocation in one hip and intra-
operative fracture of the acetabular rim in one hip in group
T, although no additional surgery was required. The mean
postoperative follow-up period was 133.7 +39.1 months
(approximately 11 years). When comparing the three groups,
patients in group T tended to be younger and had a higher
body mass index (BMI). The femoral head size was greater
than 40 mm in all patients in group M. The cup inclination
angle was less than 50° in all hip joints, and there was no
difference among the groups (p =0.686). The incidence of
ALTRs in the MoM THA group was 31/44 hips (70.5%)
in group T and 21/33 hips (63.6%) in group M, exceeding
60%, with no significant difference between the two groups
(p=0.583). The revision rate at the last observation was 1/53
hips (1.9%) in group P, 19/44 hips (43.2%) in group T, and
13/33 hips (39.4%) in group M. The revision rate was sig-
nificantly higher in the MoM THA group (p <0.001). The
cause of revision was infection and dislocation in one case
in group P and ALTRs in all cases in the MoM THA group.
Among the revision cases, all cases in the MoM THA group
had ALTR findings on MRI, and 12/44 hips in group T and
3/33 hips in group M had periprosthetic osteolytic changes
on plain radiography and computed tomography (Table 1).

Whole blood metal ion concentrations

Whole blood metal ion concentrations were significantly
increased in the MoM THA group after surgery. The metal
ion levels were not normally distributed at each time point
of blood collection in each group. The median cobalt con-
centrations were significantly higher in groups T and M than
in group P during the postoperative period (p <0.01). At
2 years postoperatively, the concentrations were 0.3 pg/L in
group P, 1.7 pg/L in group T, and 1.3 pg/L in group M. The
maximum cobalt concentration was 19.0 pg/L in group M at
1 year postoperatively. At the revision surgery, the median
cobalt concentration was 3.2 pg/L in group T and 1.0 pg/L
in group M, and the maximum cobalt concentration was
8.1 pg/L in group M. The cobalt levels increased signifi-
cantly in many patients, even after 2 years postoperatively
(Table 2, Fig. 2).

The median chromium concentrations were also signifi-
cantly higher in groups T and M than in group P during
the postoperative period (p < 0.01). At 2 years after surgery,
the values were 0.4 pg/L in group P, 1.3 pg/L in group T,
and 1.4 pg/L in group M. The maximum chromium con-
centration was 5.2 pg/L in group M at 6 months and 1 year
after surgery. At the revision surgery, the median chromium
concentrations were 1.05 pg/L in group T and 0.95 pg/L in
group M, and the maximum chromium concentration was
5.6 pg/L in group M. In nearly all patients, the chromium
levels did not change significantly after 2 years postopera-
tively and remained within the reference value (Table 2,
Fig. 2).

Serum concentrations of bone metabolic markers

Regarding the concentration of serum bone metabolic mark-
ers, that of NTX decreased over time after surgery and was
lower than the preoperative levels at 2 years postoperatively.
The concentration of BAP increased slightly from 6 months
to 1 year postoperatively and then decreased to a level equal

Table 1 Description of
comparison groups in the study

M2a-MoP M2a-Taper M2a-Magnum  p value

No. of joints 53 44 33

Mean age +SD (years) 65.8+9.7 59.8+8.0 63.3+10.0 p=0.008
Sex (female/male) 49/4 36/8 27/6 p=0.208
Mean body mass index + SD (kg/m?) 233+3.7 254+4.5 239+29 p=0.059
Ball head size (28 mm/32 mm/40 mm ~) 26/27/0 25/19/0 0/0/33 p<0.001
Mean cup inclination angle+SD (degrees)  37.4+4.3 37.5+5.5 36.4+4.3 p=0.686
No. of occurrences of ALTR (rate) N/A 31 (70.5%) 21 (63.6%) p=0.583
No. of revision surgery (rate) 1(1.9%) 19 (43.2%) 13 (39.4%) p<0.001
Mean follow-up period +SD (months) 124.5+46.9  152.0+294  124.1+27.2 p<0.001

ALTR aseptic local tissue reactions, M2a-MoP M?2a-Ringloc with metal-on-polyethylene bearing, M2a-
Taper M2a-Taper with MoM bearing, M2a-Magnum M2a-Magnum with MoM bearing
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Table 2 Descriptiv; data for M2a-MoP M2a-Taper M2a-Magnum
whole blood metal ion levels
and serum bone metabolism Median Min Max Median Min Max Median Min Max
marker levels
Cobalt (pg/L)
Preop 0.1 0 0.6 0.2 0 2.1 0.2 0 2.1
6 mos postop 0.3 0 6.9 0.9 0.2 4.2 1 0.5 14
1 year postop 0.3 0.1 29 1.3 0.4 4.6 1.5 0.5 19
2 years postop 0.3 0.1 4.1 1.7 0.5 7.5 1.3 0.4 44
Chromium (pg/L)
Preop 0.3 0 22 04 0 2 0.3 0 1.4
6 mos postop 0.3 0 35 0.6 0 2.5 0.8 0.2 52
1 year postop 0.1 0 1.2 0.6 0 2.6 1.1 0.4 52
2 years postop 0.4 0 1.4 1.3 0 4.3 14 0.1 24
NTX (nmol BCE/L)
Preop 21.4 11.3 61.9 18.8 12.6 354 18 10.2 33
6 mos postop 18 10.8 48.7 18 10.3 30.9 16 12.3 29.3
1 year postop 18 10.8 35.8 16.9 9.9 355 15 11.5 274
2 years postop 16.3 9.3 61.1 14.8 10.7 33 14.8 11 28.5
BAP (pg/L)
Preop 18.2 7.7 36 14.9 7.4 274 13.9 7.6 27.7
6 mos postop 20 8.5 39.2 16.1 7.3 34.6 14.8 7.9 24
1 year postop 16.6 7.1 339 15.6 6.9 329 14.5 7.7 23.3
2 years postop 15.8 7.1 31.3 14.3 7.5 29 13.9 9.1 27.5

MoP metal-on-polyethylene bearing, NTX type I collagen cross-linked N-telopeptide, BAP bone alkaline

phosphatase
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Fig.2 Box plot showing metal ion levels in whole blood and outlier distribution for a cobalt and b chromium. The metal ion levels were signifi-
cantly increased in the M2a-Taper and M2a-Magnum groups after surgery, especially for cobalt ions

to or slightly lower than the preoperative levels at 2 years
postoperatively (Table 2, Fig. 3). The levels of bone metab-
olism markers were not associated with metal ion levels,

occurrence of ALRTS, or revision.

Long-term survival rates

In the survival analysis using the Kaplan—-Meier method
with revision as the endpoint, the survival rates were
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Fig.4 Kaplan—Meier survival analysis of revision surgery due to any
reason. a The plot shows that the survival rates for M2a-Taper and
M?2a-Magnum were much lower than those for M2a-MoP at more
than 10 years postoperatively. b The survival rate in the MoM THA
group was less than 50% at the maximum follow-up period. MoP
metal-on-polyethylene bearing, MoM THA metal-on-metal total hip
arthroplasty

100% in group P, 80.9% in group T, and 65.2% in group
M at 10 years postoperatively. The survival rates were
96.2% in group P (14 years), 46.6% in group T (14 years),
and 47.8% in group M (12 years) at the last observation
(Fig. 4). When comparing the MoP THA and MoM THA
groups, the survival rate was 100% vs. 74.4% at 10 years
postoperatively and 96.2% vs. 41.7% at the last observation

@ Springer

(p <0.001). The survival rates were not significantly dif-
ferent between groups T and M (p =0.083).

Predictors of revision

The factors influencing revision were examined by multi-
ple logistic regression analysis using the variable reduction
method with the likelihood ratio. The dependent variable
was “revision surgery,” and the explanatory variables that
were entered into the analysis were “gender,” “age at sur-
gery,” “BMIL,” “implant,” “cup inclination angle,” “head
size,” and “cobalt, chromium, NTX, and BAP levels at
2 years postoperatively.” The significant variables were
“implant” and “cobalt levels at 2 years postoperatively.”
The odds ratios were 33.0 (95% confidence interval [CI]
3.8-286.0) for M2a-Taper compared with M2a-MoP, 32.4
(95% CI 3.6-292.2) for M2a-Magnum compared with M2a-
MoP, and 1.76 (95% CI 1.04-2.97) for whole blood cobalt
levels at 2 years postoperatively (Table 3). The use of MoM
THA itself appeared to markedly increase the risk of revi-
sion; however, cobalt concentration was suggested to be a
risk factor, although only weakly.

A total of 77 hips in groups T and M were divided into
two groups according to whether they had undergone revi-
sion, and the trend of cobalt levels was observed. The median
cobalt concentration increased until 1 year after surgery and
then decreased to a median of 1.2 pg/L at 2 years after sur-
gery in the group without revision but increased further to
a median of 2.0 pg/L in the group with revision (p=0.015).
Similarly, when the data at 2 years postoperatively were
compared between the two groups divided according to the
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Table 3 Multiple logistic

. . Explanatory variables
regression for prediction of

Partial regres-  Significant Odds ratio 95% confidence interval

o sion coeffi- probability for odds ratio
revision surgery cient
») Lower limit Upper limit

M2a-Taper 3.496 0.002 32.982 3.803 286.006
M2a-Magnum 3.477 0.002 32.365 3.585 292.204
Cobalt levels at 2 years postop 0.562 0.036 1.755 1.038 2.967
Chromium levels at 2 years postop —0.655 0.110 0.520 0.233 1.160
constant —3.958 0.000

The results of the model y? test were significant at p<0.01, and each variable was also significant
(p<0.01), except for sex, age at surgery, body mass index, cup inclination angle, head size, and chro-
mium and bone metabolic marker levels at 2 years postoperatively. The Hosmer—Lemeshow test result was
p=0.221, and the discrimination accuracy rate was 75.6%

presence or absence of ALTRs, a significant difference was
noted (p =0.019) (Fig. 5). When the ROC curve was drawn,
with the dependent variable being revision and the explana-
tory variable being cobalt levels at 2 years postoperatively,
the area under the curve was 0.644 (p=0.018), with a sen-
sitivity of 0.700 and a specificity of 0.651 when the cutoff
value was set at 1.55 pg/L. As a predictor of revision, the
cobalt concentration in whole blood at 2 years postopera-
tively was less accurate.

Discussion

Regarding the THA survival rate with revision as the end-
point up to the maximum postoperative follow-up period
in our study, the bearing surface of MoM had approxi-
mately half the survival rate of polyethylene. Therefore, the

Revision
----- Non-revision

N
[=)

-
[9)]

-
[=)

3

Median value of whole blood cobalt (ug/L) @

o

preop. 6m postop. 1y postop. 2y postop.

Time Course

Fig.5 Line graphs showing the change in whole blood cobalt levels
over time in the MoM THA group divided by whether the patient had
revision surgery or not (a) and by the presence or absence of ALTRs
(b). The median cobalt level at 2 years postoperatively exceeded

stemmed MoM THA resulted in a very low survival rate
(»<0.001) and high ALTR rate. Our study could not reveal
the risk factor for revision, such as the head size of the MoM
bearing used in primary THA. However, cobalt levels con-
tinued to increase postoperatively, although they were not
accurate predictors of revision.

Recent studies showed the survival rates of stemmed
MoM THA to be approximately 95% at 5 years and 90% at
10 years, and a report recorded a good survival rate of 91.4%
at 22.8 years [16-21]. By contrast, Matharu et al. reported
a high failure rate of 27.1% at 10 years postoperatively in
569 patients who underwent surgery using a combination
of Pinnacle and a cementless Corail femoral stem [22]. As
described above, the survival rate of stemmed MoM THA
varies depending on the implant type and stem combina-
tion. In this study, groups T and M with MoM bearing sur-
faces had a survival rate that was below 50% approximately

o

Revision
----- Non-revision

N
[=)

N
[$)]

-
o

)

Median value of whole blood cobalt (ug/L)

preop. 6m postop. 1y postop. 2y postop.

Time Course

1.5 pg/L in the patients who had revision surgery and ALTRs. MoM
THA metal-on-metal total hip arthroplasty, ALTR aseptic local tissue
reactions
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15 years after THA; thus, the survival rate of M2a stemmed
MoM THA was not favorable. Our strict revision criteria
of dull pain and increasing ALTR findings on MRI images
may have contributed to the lower survival rate; however,
the difference in survival rates between the MoP THA and
MoM THA groups was large, regardless of our strict revi-
sion criteria.

MoM THA can use a relatively large ball head with stabil-
ity and wide range of motion. However, the long-term results
of MoM THA with a large head are not necessarily good,
and some reports indicate that MoM THA with a smaller
ball head provides better long-term results than MoM THA
with a larger ball head [23-26]. Focusing on the implant
models used in this report, in 2015, Lombardi et al. reported
the outcome of large-head M2a MoM THA with an average
of 7 years of follow-up, with an ALTR incidence of 3.3%
and a revision rate of 7.5% [27]. Koutalos et al. reported a
survival rate of 85.3% in 79 joints with the M2a-Magnum
model at 8.8 years postoperatively [28]. A study of 53 joints
using the 38-mm head M2a-Taper reported a 98% survival
rate at 10 years and a 74% survival rate at 13 years [29].
The survival rate of 159 joints using the M2a-Taper with a
28-mm or 32-mm head was 91.6% and 82.9% at 168 months
with osteolysis and revision as the endpoint, respectively.
[30]. In this study with more than 10 years of follow-up,
since there was no difference in survival rate between group
T with a 28-mm or 32-mm head and group M with a large-
diameter head, the head size was not a significant prognostic
factor for revision. Therefore, it can be said that regardless
of the diameter of the head, M2a stemmed MoM THA itself
performed poorly.

Previous reports have shown that blood metal concen-
trations are not useful in diagnosing the development and
progression of ALTRs, while others have found them to be
useful [31-33]. As for the occurrence of ALTRs with the
M2a-Magnum model, the safe value is below 4.1 ppb for
cobalt and 4.2 ppb for chromium [34]. Martin et al. also
reported that the possibility of pseudotumor development
was elevated in cases where metal ion levels increased to
3.0 ppb or higher in the early postoperative period [35].
However, a previous study reported that the metal ion con-
centration did not increase for 2 years after surgery using
the M2a-Magnum model [36]. In this study, we examined
the relationship between early postoperative blood metal
ion concentrations and revision, including the progression
of ALTRs. A whole blood cobalt level at 2 years postop-
eratively exceeding 1.5 pg/L was suggested to increase the
possibility of revision and ALTR development. However,
no strong association was found, and the accuracy of this
measurement as a predictor was low.

Bone metabolism markers may be useful as surrogate
markers for osteoporosis of peri-implant bone, osteolysis,
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and aseptic loosening of the implant. Savarino et al.
reported that blood procollagen I C-terminal extension
peptide was significantly decreased and NTX was signifi-
cantly increased in patients with aseptic loosening [37].
Von Schewelov et al. also showed that urinary NTX was
significantly higher in cases of osteolysis [38]. In this
study, we measured serum BAP and NTX up to 2 years
postoperatively, although we did not find any associa-
tions with the occurrence of ALTRs, revision, or elevated
whole blood metal ion levels. Bone metabolism markers
in the early postoperative period could not be used as sur-
rogate markers to predict these occurrences.

This study has some limitations. Namely, there was a
significant difference in the patient age among the three
groups, the number of surgical cases was not equally allo-
cated, there was a difference in the timing of surgery in
group M, the majority of patients in group P were not
symptomatic and did not undergo MRI, and metal ion con-
centrations at the last observation were not measured in
patients who did not undergo revision.

In conclusion, this study of THA procedures performed
at the same institution by the same surgeon and with the
same stem found that the survival rates of M2a-Taper and
M2a-Magnum were much lower than those of M2a-MoP
at more than 10 years postoperatively. In the M2a-Taper
and M2a-Magnum groups, there was no significant dif-
ference in survival rate depending on the implant type
or head size. Therefore, the outcomes of stemmed MoM
THA are not favorable, and this surgical procedure cannot
be recommended. In addition, since there was no strong
relationship between the whole blood metal ion levels in
the early postoperative period and revision, the metal ion
concentration did not emerge as a valid predictor for revi-
sion. Based on the results of this study, the use of stemmed
MoM THA should be considered with caution, and further
detailed studies with a larger number of patients are war-
ranted. Since there are no valid predictors of revision, it is
important to monitor the patient’s symptoms and use regu-
lar imaging to perform revision at the appropriate time.

Acknowledgements We would like to thank Editage (www.editage.
com) for English language editing.

Author contributions NK contributed to conceptualization, methodol-
ogy, validation, investigation, writing—review and editing, and pro-
ject administration. SI contributed to software, formal analysis, and
writing—original draft. HT contributed to resources, supervision, and
funding acquisition. TH contributed to data curation and visualization.

Funding None.
Data availability The datasets generated during and/or analyzed dur-

ing the current study are available from the corresponding author on
reasonable request.


http://www.editage.com
http://www.editage.com

Archives of Orthopaedic and Trauma Surgery (2023) 143:4501-4510

4509

Declarations

Conflict of interest Each author certifies that there are no funding or
commercial associations (consultancies, stock ownership, equity inter-
est, patent/licensing arrangements, and others) that might pose a con-
flict of interest in connection with the submitted article related to the
author or any immediate family members.

Ethics approval This prospective study was performed in accordance
with the ethical standards of the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards. The study was
approved by the institutional review board of Oita University (No.
1414).

Informed consent All study participants provided informed consent to
participate in the study and publish the results.

References

1. Haddad FS, Thakrar RR, Hart AJ, Skinner JA, Nargol AV, Nolan
JF, Gill HS, Murray DW, Blom AW, Case CP (2011) Metal-on-
metal bearings: evidence so far. J Bone Jt Surg Br 93:572-579.
https://doi.org/10.1302/0301-620X.93B4.26429

2. Langton DJ, Jameson SS, Joyce TJ, Hallab NJ, Natu S, Nargol AV
(2010) Early failure of metal-on-metal bearings in hip resurfacing
and large-diameter total hip replacement: a consequence of excess
wear. ] Bone Jt Surg Br 92:38-46. https://doi.org/10.1302/0301-
620X.92B1.22770

3. Langton DJ, Sidaginamale R, Lord JK, Nargol AV, Joyce TJ
(2012) Taper junction failure in large-diameter metal-on-metal
bearings. Bone Jt Res 1:56-63. https://doi.org/10.1302/2046-
3758.14.2000047

4. U.S. Food and Drug Administration. Metal-on-metal hip implants:
information for orthopaedic surgeons. https://www.fda.gov//medic
al-devices/metal-metal-hip-implants/information-orthopaedic-
surgeons. Accessed 10 Oct 2021

5. Fehring TK, Odum S, Sproul R, Weathersbee J (2014) High fre-
quency of adverse local tissue reactions in asymptomatic patients
with metal-on-metal THA. Clin Orthop Relat Res 472:517-522.
https://doi.org/10.1007/s11999-013-3222-1

6. Medicines and healthcare product regulatory agency (MHRA)
(2012) Medical device alert (MDA/2012/036): All metal-on-metal
(MoM) hip replacements. http://www.mhra.gov.uk/home/groups/
dts-bs/documens/medicaldevicealert/com155767.pdf. Accessed
11 Oct 2012

7. Hart AJ, Sabah SA, Sampson B, Skinner JA, Powell JJ, Palla L,
Pajamiki KJ, Puolakka T, Reito A, Eskelinen A (2014) Surveil-
lance of patients with metal-on-metal hip resurfacing and total hip
prostheses: a prospective cohort study to investigate the relation-
ship between blood metal ion levels and implant failure. J Bone Jt
Surg Am 96:1091-1099. https://doi.org/10.2106/JBJS.M.00957

8. Kwon YM, Lombardi AV, Jacobs JJ, Fehring TK, Lewis CG,
Cabanela ME (2014) Risk stratification algorithm for management
of patients with metal-on-metal hip arthroplasty: consensus state-
ment of the American Association of Hip and Knee Surgeons, the
American Academy of Orthopaedic Surgeons, and the Hip Soci-
ety. J Bone Jt Surg Am 96:e4. https://doi.org/10.2106/JBJS.M.
00160

9. Glyn-Jones S, Pandit H, Kwon YM, Doll H, Gill HS, Murray DW
(2009) Risk factors for inflammatory pseudotumour formation fol-
lowing hip resurfacing. J Bone Jt Surg Br 91:1566-1574. https://
doi.org/10.1302/0301-620X.91B12.22287

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bosker BH, Ettema HB, Van Rossum M, Boomsma MF, Kollen
BJ, Maas M, Verheyen CC (2015) Pseudotumor formation and
serum ions after large head metal-on-metal stemmed total hip
replacement. Risk factors, time course and revisions in 706 hips.
Arch Orthop Trauma Surg 135:417-425. https://doi.org/10.1007/
s00402-015-2165-2

Langton DJ, Joyce TJ, Jameson SS, Lord J, van Orsouw M, Hol-
land JP, Nargol AV, De Smet KA (2011) Adverse reaction to metal
debris following hip resurfacing: the influence of component type,
orientation and volumetric wear. J Bone Jt Surg Br 93:164-171.
https://doi.org/10.1302/0301-620X.93B2.25099

Hart AJ, Sabah S, Henckel J, Lewis A, Cobb J, Sampson B, Mitch-
ell A, Skinner JA (2009) The painful metal-on-metal hip resurfac-
ing. J Bone Jt Surg Br 91:738-744

Kwon YM, Glyn-Jones S, Simpson DJ, Kamali A, McLardy-Smith
P, Gill HS, Murray DW (2010) Analysis of wear of retrieved
metal-on-metal hip resurfacing implants revised due to pseudo-
tumours. J Bone Jt Surg Br 92:356-361. https://doi.org/10.1302/
0301-620X.92B3.23281

Van der Straeten C (2020) Hip resurfacing arthroplasty in young
patients: international high-volume centres’ report on the outcome
of 11,382 metal-on-metal hip resurfacing arthroplasties in patients
=50 years at surgery. Hip Int. https://doi.org/10.1177/1120700020
957354

Jameson SS, Baker PN, Mason J, Porter ML, Deehan DJ, Reed
MR (2012) Independent predictors of revision following metal-on-
metal hip resurfacing: a retrospective cohort study using National
Joint Registry data. J Bone Jt Surg Br 94:746-754. https://doi.org/
10.1302/0301-620X.94B6.29239

Smith AJ, Dieppe P, Vernon K, Porter M, Blom AW, National
Joint Registry of England and Wales (2012) Failure rates of
stemmed metal-on-metal hip replacements: analysis of data
from the National Joint Registry of England and Wales. Lancet
379:1199-1204. https://doi.org/10.1016/S0140-6736(12)60353-5
Jin SY, Jin JY, Kang JK, Yoon TR, Park KS (2021) Minimum
15-year results of metasul 28-mm metal-on-metal total hip arthro-
plasty in patients younger than 50 years of age. J Orthop Surg Res
16:218. https://doi.org/10.1186/s13018-021-02352-2

Maliarov A, Huk OL, Epure LM, Bergeron SG, Antoniou J, Zukor
DJ (2021) Long-term outcome of small head metal-on-metal
total hip arthroplasty: a 15-to-22-year follow-up. J Arthroplasty
36:3214-3220. https://doi.org/10.1016/j.arth.2021.04.011
Kolbitsch P, Noebauer-Huhmann IM, Giurea A, Kubista B, Wind-
hager R, Lass R (2021) Pseudotumors in small-head metal-on-
metal total hip arthroplasties at a minimum follow-up of 20 years.
J Arthroplasty 36:2871-2877. https://doi.org/10.1016/j.arth.2021.
03.022

Kindsfater KA, SychterzTerefenko CJ, Gruen TA, Sherman CM
(2012) Minimum 5-year results of modular metal-on-metal total
hip arthroplasty. J Arthroplasty 27:545-550. https://doi.org/10.
1016/j.arth.2011.07.002

Colen S, Kuiper JW, Thys P, De Schuyffeleer S, Mulier M (2018)
Pinnacle® modular metal-on-metal articulation in primary total
hip arthroplasty: Mid-term results of 195 cases. Acta Orthop Belg
84:407-414

Matharu GS, Nandra RS, Berryman F, Judge A, Pynsent PB,
Dunlop DJ (2017) Risk factors for failure of the 36 mm metal-
on-metal Pinnacle total hip arthroplasty system: a retrospective
single-centre cohort study. Bone Jt J 99-B(5):592—600. https://doi.
org/10.1302/0301-620X.99B5.BJJ-2016-1232.R1

Elkins JM, Callaghan JJ, Brown TD (2014) Stability and trunnion
wear potential in large-diameter metal-on-metal total hips: a finite
element analysis. Clin Orthop Relat Res 472:529-542. https://doi.
org/10.1007/511999-013-3244-8

Hwang KT, Kim YH, Kim YS, Choi IY (2013) Is second genera-
tion metal-on-metal primary total hip arthroplasty with a 28 mm

@ Springer


https://doi.org/10.1302/0301-620X.93B4.26429
https://doi.org/10.1302/0301-620X.92B1.22770
https://doi.org/10.1302/0301-620X.92B1.22770
https://doi.org/10.1302/2046-3758.14.2000047
https://doi.org/10.1302/2046-3758.14.2000047
https://www.fda.gov//medical-devices/metal-metal-hip-implants/information-orthopaedic-surgeons
https://www.fda.gov//medical-devices/metal-metal-hip-implants/information-orthopaedic-surgeons
https://www.fda.gov//medical-devices/metal-metal-hip-implants/information-orthopaedic-surgeons
https://doi.org/10.1007/s11999-013-3222-1
http://www.mhra.gov.uk/home/groups/dts-bs/documens/medicaldevicealert/com155767.pdf
http://www.mhra.gov.uk/home/groups/dts-bs/documens/medicaldevicealert/com155767.pdf
https://doi.org/10.2106/JBJS.M.00957
https://doi.org/10.2106/JBJS.M.00160
https://doi.org/10.2106/JBJS.M.00160
https://doi.org/10.1302/0301-620X.91B12.22287
https://doi.org/10.1302/0301-620X.91B12.22287
https://doi.org/10.1007/s00402-015-2165-2
https://doi.org/10.1007/s00402-015-2165-2
https://doi.org/10.1302/0301-620X.93B2.25099
https://doi.org/10.1302/0301-620X.92B3.23281
https://doi.org/10.1302/0301-620X.92B3.23281
https://doi.org/10.1177/1120700020957354
https://doi.org/10.1177/1120700020957354
https://doi.org/10.1302/0301-620X.94B6.29239
https://doi.org/10.1302/0301-620X.94B6.29239
https://doi.org/10.1016/S0140-6736(12)60353-5
https://doi.org/10.1186/s13018-021-02352-2
https://doi.org/10.1016/j.arth.2021.04.011
https://doi.org/10.1016/j.arth.2021.03.022
https://doi.org/10.1016/j.arth.2021.03.022
https://doi.org/10.1016/j.arth.2011.07.002
https://doi.org/10.1016/j.arth.2011.07.002
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-1232.R1
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-1232.R1
https://doi.org/10.1007/s11999-013-3244-8
https://doi.org/10.1007/s11999-013-3244-8

4510

Archives of Orthopaedic and Trauma Surgery (2023) 143:4501-4510

25.

26.

217.

28.

29.

30.

31.

32.

33.

head a worthy option?: a 12- to 18-year follow-up study. J Arthro-
plasty 28:1828-1833. https://doi.org/10.1016/j.arth.2013.06.022
Moon JK, Kim Y, Hwang KT, Yang JH, Oh YH, Kim YH (2018)
Long-term outcomes after metal-on-metal total hip arthroplasty
with a 28-mm head: a 17- to 23-year follow-up study of a previous
report. J Arthroplasty 33:2165-2172. https://doi.org/10.1016/j.
arth.2018.02.089

de Steiger R, Peng A, Lewis P, Graves S (2018) What is the long-
term survival for primary THA with small-head metal-on-metal
bearings? Clin Orthop Relat Res 476:1231-1237. https://doi.org/
10.1007/511999.0000000000000209

Lombardi AV Jr, Berend KR, Morris MJ, Adams JB, Sneller MA
(2015) Large-diameter metal-on-metal total hip arthroplasty: dis-
location infrequent but survivorship poor. Clin Orthop Relat Res
473:509-520. https://doi.org/10.1007/s11999-014-3976-0
Koutalos AA, Kourtis A, Clarke IC, Smith EJ (2017) Mid-term
results of ReCap/Magnum/Taperloc metal-on-metal total hip
arthroplasty with mean follow-up of 7.1 years. Hip Int 27:226—
234. https://doi.org/10.5301/hipint.5000454

Trevisan C, Piscitello S, Klumpp R, Mascitti T (2018) Long-term
results of the M?A—38-mm metal-on-metal articulation. J Orthop
Traumatol 19:21. https://doi.org/10.1186/s10195-018-0514-y
Sumiyoshi N, Oinuma K, Miura Y (2021) Small-head metal on
metal total hip arthroplasty is associated with a high rate of com-
plication and reoperation at mid-term follow-up. SAGE Open
Med 9:20503121211014708. https://doi.org/10.1177/2050312121
1014707

Macnair RD, Wynn-Jones H, Wimhurst JA, Toms A, Cahir J
(2013) Metal ion levels not sufficient as a screening measure for
adverse reactions in metal-on-metal hip arthroplasties. J Arthro-
plasty 28:78-83. https://doi.org/10.1016/j.arth.2012.05.029
Chang EY, McAnally LL, Van Horne JR, Van Horne JG, Wolfson
T, Gamst A, Chung CB (2013) Relationship of plasma metal ions
and clinical and imaging findings in patients with ASR XL metal-
on-metal total hip replacements. J Bone Jt Surg Am 95:2015-
2020. https://doi.org/10.2106/JBJS.L.01481

Van der Weegen W, Sijbesma T, Hoekstra HJ, Brakel K, Pilot
P, Nelissen RG (2014) Treatment of pseudotumors after

@ Springer

34.

35.

36.

37.

38.

metal-on-metal hip resurfacing based on magnetic resonance
imaging, metal ion levels and symptoms. J Arthroplasty 29:416—
421. https://doi.org/10.1016/j.arth.2013.06.021

Koper MC, Hesseling B, Tuinebreijer WE, Van der Linden H,
Mathijssen NMC (2021) Safe upper limits of serum cobalt and
chromium levels for a metal-on-metal total hip bearing: a 10-year
follow-up study. J Arthroplasty 36:2080-2086. https://doi.org/10.
1016/j.arth.2021.01.027

Martin JR, Odum SM, Springer BD, Griffin WL (2020) Initial
metal ion levels predict risk of elevation in metal on metal total
hip arthroplasty. Hip Int 30:592-597. https://doi.org/10.1177/
1120700019861544

Pietildinen S, Miantymaiki H, Vahlberg T, Reito A, Eskelinen A,
Lankinen P, Mikeld K (2020) Repeated cobalt and chromium
ion measurements in patients with bilateral large-diameter head
metal-on-metal ReCap-M2A-Magnum total hip replacement. Acta
Orthop 91:378-382. https://doi.org/10.1080/17453674.2020.
1751940

Savarino L, Granchi D, Cenni E, Baldini N, Greco M, Giunti A
(2005) Systemic cross-linked N-terminal telopeptide and procol-
lagen I C-terminal extension peptide as markers of bone turnover
after total hip arthroplasty. J Bone Jt Surg Br 87:571-576. https://
doi.org/10.1302/0301-620X.87B4.15316

Von Schewelov T, Carlsson A, Dahlberg L (2006) Cross-linked
N-telopeptide of type I collagen (NTX) in urine as a predictor of
periprosthetic osteolysis. J Orthop Res 24:1342—-1348. https://doi.
org/10.1002/jor.20152

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/j.arth.2013.06.022
https://doi.org/10.1016/j.arth.2018.02.089
https://doi.org/10.1016/j.arth.2018.02.089
https://doi.org/10.1007/s11999.0000000000000209
https://doi.org/10.1007/s11999.0000000000000209
https://doi.org/10.1007/s11999-014-3976-0
https://doi.org/10.5301/hipint.5000454
https://doi.org/10.1186/s10195-018-0514-y
https://doi.org/10.1177/20503121211014707
https://doi.org/10.1177/20503121211014707
https://doi.org/10.1016/j.arth.2012.05.029
https://doi.org/10.2106/JBJS.L.01481
https://doi.org/10.1016/j.arth.2013.06.021
https://doi.org/10.1016/j.arth.2021.01.027
https://doi.org/10.1016/j.arth.2021.01.027
https://doi.org/10.1177/1120700019861544
https://doi.org/10.1177/1120700019861544
https://doi.org/10.1080/17453674.2020.1751940
https://doi.org/10.1080/17453674.2020.1751940
https://doi.org/10.1302/0301-620X.87B4.15316
https://doi.org/10.1302/0301-620X.87B4.15316
https://doi.org/10.1002/jor.20152
https://doi.org/10.1002/jor.20152

	Survival rates of different bearing surfaces with the same model of stem in total hip arthroplasty: predictive factors for revision surgery
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Background
	Rationale

	Materials and methods
	Participants
	Implants
	Blood tests
	Imaging evaluation
	Criteria for revision surgery
	Statistical analyses
	Ethical considerations

	Results
	Demographic data and clinical outcomes
	Whole blood metal ion concentrations
	Serum concentrations of bone metabolic markers
	Long-term survival rates
	Predictors of revision

	Discussion
	Acknowledgements 
	References




