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Background and purpose — We have previously reported
that the whole blood (WB) chromium (Cr) and cobalt (Co)
ion levels decrease in the short term after ReCap-M2a-Magnum large-diameter head (LDH) metal-on-metal (MoM)
total hip arthroplasty (THA). This study reports long-term
metal ion levels and clinical outcomes after ReCap-Magnum
THA.
Patients and methods — ReCap-M2a-Magnum LDH
THA was used in 1,450 patients in our hospital district from
2005 to 2012. Median follow-up time was 10 years. 991
patients had 2 or more metal ion measurements. The median
measurement interval was 4 years. Individual metal ion
change was assessed using logarithmic metal ion values in a
random coefficient model. Kaplan–Meier survival estimates
were calculated for revision surgery for any reason for revision, and separately for metal-related adverse events (metal
ions above safe upper limit [SUL], revision due to ARMD,
or pseudotumor).
Results — Geometric mean of Cr decreased from 1.8 ppb
(geometric standard deviation [GSD] 1.8) to 1.0 ppb (GSD
2.8, p < 0.001). The Co levels decreased from 1.7 ppb (GSD
2.4) to 1.4 ppb (GSD 2.8, p < 0.001). The hip-specific survival was 85% for revision due to any reason at 14 years and
the hip-specific survival for any metal-related adverse event
was 69% at 14 years.
Interpretation — WB Cr and Co levels continued to
decrease in the long-term follow-up of ReCap-M2a-Magnum
THA patients. The amount of metal-related adverse events
was rather high, but revision surgery was seldom required.
We suggest that after 10 years from the implantation a 5-year
measurement interval may be sufficient for asymptomatic
ReCap-M2a-Magnum patients.

In well-functioning metal-on-metal (MoM) total hip arthroplasty (THA), patients’ whole blood (WB) chromium (Cr) and
cobalt (Co) metal ion levels peak in the first years after the
implantation and usually decrease thereafter (1). Data concerning long-term metal ion changes in MoM THA patients
is scarce (2). Most MoM THAs have been performed over a
decade ago, and many patients are doing relatively well without the need for revision surgery (3). The follow-up of these
patients is important to recognise the failing implants, and also
to identify and prevent systemic cobalt toxicity. Additionally,
the long-term follow-up guidelines need to be updated to optimize the usage of limited healthcare resources (1,4,5).
ReCap-M2a-Magnum (ZimmerBiomet, Warsaw, IN, USA)
large-diameter head (LDH) MoM THA was commonly used in
Finland from 2005 to 2012 (6). In our previous reports regarding both unilateral and bilateral ReCap-M2a-Magnum LDH
MOM THA patients in Turku University Hospital, 2.5% of
the hips required a revision operation due to adverse reaction
to metal debris (ARMD) and 12% had a definite ARMD, but
revision was not performed during follow-up of 5 years. The
WB Cr and Co ion levels decreased, and stayed mostly below
the safe upper limit (SUL) if the initial values were low (7-9).
SUL value describes the edge of acceptable metal ion levels,
but there is no universally accepted SUL value for all MoM
implants and normal metal ion levels do not exclude ARMD.
Bosker et al. found a 4 times higher incidence of ARMD in
ReCap-M2a-Magnum THA patients with metal ion levels
above 5 ppb (10,11). High cobalt levels can cause pathological
effects, such as cardiomyopathy, thyroid, hepatic, and hematology disorders, and neurological symptoms. High Cr levels
can be both carcinogenetic and genotoxic (1). In the current
study the ReCap-M2a-Magnum acetabular component and
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Table 1. Hip and patient demographics. Values
are count (%)

Patients with ReCap-M2a-Magnum hip arthroplasty
from the Hospital District of Southwest Finland database
from August 2005 to April 2012
n = 1,591
Excluded (n = 141):
– unilateral hemi-arthroplasty, 23
– different device in the contralateral
side or missing data, 118
Patients with ReCap-M2a-Magnum
total hip arthroplasty included in the study
n = 1,450 (1,624 hips)

Revisions
n = 197
(121 before 2 metal
ion measurements)

MARS-MRI
of the hip
n = 486

≥ 2 metal ion measurements
included in metal ion
change analysis
n = 991

1 metal ion
measurement
n = 218

Figure 1. Flowchart demonstrating the inclusion criteria.

femoral head were paired with either uncemented Bi-Metric
or Reach stems (ZimmerBiomet, Warsaw, IN, USA). Measurement interval, i.e., the time between the first and last metal
ion measurement, was 2 years in our previous publications.
We have previously stated that based on the Turku University
Hospital data at the mean follow-up time of 5.2 years, 14.3 %
of all ReCap-M2a-Magnum hips exhibited adverse reaction to
metal debris (9).
This study analyzed metal ion levels of ReCap-M2aMagnum LDH MoM THA patients’ change in the long term.
We also assessed the clinical and imaging outcomes after
ReCap-M2a-Magnum THA, and risk factors for revision surgery.

Patients and methods
We performed a retrospective cohort study to determine WB
Cr and Co ion level changes in the long term. We have now
analyzed WB Cr and Co ion level data in the Hospital District
of Southwest Finland level with median follow-up of 10 years.
We have also assessed the clinical outcome of ReCap-M2aMagnum patients. All patients who had ReCap-M2a-Magnum
LDH MOM THA from the Hospital District of Southwest Finland database from August 2005 to April 2012 were included.
The patients were followed until revision surgery, death, or by
the end of 2019. Patients with a unilateral Recap-M2a-Magnum THA and a different brand of MoM THA implant on the
contralateral side were excluded from the analyses. A screening program for all MoM THA patients was started in 2012 at
our institution.
We used previously established SUL values of 4.6 ppb for
Cr and of 4.0 ppb for Co for unilateral implants, and 7.4 ppb
for Cr and 5.0ppb for Co for bilateral implants (10). Patients
with Co or Cr ions above 5 ppb or poor functional outcome
in Oxford Hip Score (OHS) questionnaire were scheduled
to MARS-MRI. The inclination angle of the cup was measured from straight anteroposterior pelvis radiographs, and the

Patients with OHS
n = 1,106
(1,252 hips)

Operations
n = 1,624

Patients
n = 1,450

Age			
17–59
463 (29) 393 (27)
60–69
655 (40)
593( 41)
≥ 70
506 (31) 464 (32)
Female sex
852 (53) 767 (53)
Bilateral
348 (21) 174 (12)
Prior operation
134 (8)		
Anteversion angle			
> 0°
1,580 (98)
Inclination angle (°)		
0–29
41 (3)
30–49
1,253 (81)		
≥ 50
243 (16)		
Head diameter, mm
< 46
203 (13)
46–52
1,169 (72)
> 52
252 (15)		

angle between ischial tuberosities and cup ring was measured.
Further, the anteversion of the cup was assessed from lateral shoot-through radiographs measuring the angle between
horizontal image plane and cup rim. Measurements were performed using the angle measurement tool of Carestream Vue
PACS software (www.carestream.com/en/ca/). The details of
this screening program have been explained in our previous
publications (9,12,13). Data was obtained from the Hospital
District of Southwest Finland data pool and electronic medical
records. MARS-MRI images were performed in Turku University Hospital and were assessed by a radiologist consultant experienced in ARMD related pathologies. Pseudotumors
were graded using the previously described classification
system by Hart et al. (14).
Patients
1,450 patients (1,624 hips) were included in this study (Figure
1). 174 patients had bilateral ReCap-M2a-Magnum THA.
1,412 patients (1585 hips) had a Bimetric femoral stem while
38 patients (39 hips) had a Reach stem.
The median follow-up time for unilateral hips was 10 years
(0.6–14) and 11 years (1–14) for bilateral hip implants. 313
patients died during follow-up. Median age of the patients
was 65 years (interquartile range [IQR] 12), and 683 (47%)
patients were male (Table 1)
We identified 991 patients with at least 2 WB metal ion
measurements and evaluated the change between the first and
the last measurement. The median time interval from THA to
the index metal ion measurement was 5 years (0.5–11). The
median time between the initial and the last metal ion measurement was considered as the measurement interval. The
individual measurement time points with respect to the (later)
THA operation are shown in Figure 2.
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Figure 4. DAG demonstrating the direct causal
effects of hip characteristics.

previously were censored at the time of
revision. Kaplan–Meier analyses were
hip-specific considering both implants
0
1
0
0
5
10
from bilateral patients.
Years from index operation
We manually checked all revisions
–2
–2
Figure 2. Individual metal ion mea
surement time points.
from the electronic medical records of
First
Last
First
Last
B
Measurement
Measurement
Hospital District of Southwest Finland.
Figure 3. A. Violin plots demonstrating the skewed
Metal ion measurements that were taken
ness of metal ion values. B. Spaghetti plots for indi
after revision were excluded, also in
vidual chromium and cobalt ion levels.
bilateral patients, unless the THA had the
1,106 patients had completed a postoperative OHS ques- same bearing surface after the revision, as in many periprostionnaire for 1,252 hips. Preoperative OHS scores were not thetic femoral fracture revisions. In these patients, metal ion
available. Concerning radiographic data, 2 patients (3 hips) measurements after revision were included in metal ion level
did not have anteversion angle data and 84 patients (87 hips) analysis.
did not have inclination angle data due to missing radiographs.
A directed acyclic graph (DAG) was constructed under
486 patients (563 THA) had undergone MARS-MRI imag- these assumptions:
ing of the hip, of which 161 hips had had more than 1 MARS- 1. Metal-related adverse events and revision surgery are
MRI imaging sessions.
dependent on age, sex, bilateral surgery, anteversion angle,
inclination angle, and head diameter.
Statistics
2. Bilateral surgery is dependent on age, as both hips are not
We used a random coefficient model to assess the individual
as commonly operated on in older patients.
change between repeated metal ion levels. Due to the posi- 3. Head diameter is dependent on sex, as head diameter is on
average larger in men.
tively skewed distribution of metal ion levels, metal ion levels
We used Cox proportional hazards (PH) regression analysis
were log transformed in conditional models. The individual
change in metal ion levels was presented with spaghetti plots to estimate hazard ratios (HR) and their CI for each potential
for natural log transformed metal ion values (Figure 3). We risk factor for metal-related adverse events and revision surused medians with interquartile range (IQR) and geometric gery. As suggested by the DAG analysis (Figure 4), the HR for
means with geometric standard deviation (GSD) were used at head diameter was adjusted for confounding from sex whereas
both the initial and control measurements for improved inter- the estimates for other variables remained unadjusted. PH
pretability. McNemar’s test was used to determine differences assumption for all Cox analyses was evaluated with visual
in proportions of patients with metal ion levels above the SUL inspection of Kaplan–Meier plots, and using a statistical analbetween the first and the last measurements.
ysis based on weighted Schoenfeld residuals. The HR estiThe overall survivorship for unilateral and bilateral mates for metal-related events in different age groups showed
ReCap-M2a-Magnum THA implants with 95% confidence minor violation of the PH assumption but the estimates were
intervals (CI) was calculated using the Kaplan–Meier estima- left as is, without dividing follow-up time into intervals, after
tor (revision surgery for any reason as the endpoint). Addition- inspection of corresponding Kaplan–Meier survival plots. All
ally, separate Kaplan–Meier analysis (with CI) was performed Cox PH models were stratified by THA brand.
to assess the survivorship of ReCap-M2a-Magnum THA in
A p-value of less than 0.05 was considered to be statistically
terms of metal-related adverse events (metal ions above SUL, significant. R statistical computing environment version 4.0.3
revision due to ARMD, pseudotumor visible in MARS-MRI) was used to execute data analysis (15). We used R packages
as endpoint. Regarding this metal-related adverse event analy- ggplot2 (version 3.3.3) and survival (version 3.2-10) for visusis, the hips that were revised for reasons other than ARMD alizations and survival analysis.
2

2
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Table 2. Metal ion changes with p-values for unilateral and bilateral
ReCap-M2a-Magnum THA patients
Factor
Unilateral patients, n
Co Median (IQR)
Geometric mean (GSD)
		 range
Cr Median (IQR)
Geometric mean (GSD)
		 range
Bilateral patients, n
Co Median (IQR)
Geometric mean (GSD)
		 range
Cr Median (IQR)
Geometric mean (GSD)
		 range

Initial
859
1.5 (1.7)
1.7 (2.4)
0.2–89
1.7 (1.3)
1.8 (1.8)
0.2–26
132
2.7 (2.6)
3.1 (2.2)
0.6–74
2.6 (1.9)
2.9 (1.9)
0.7–45

Control

p–value

859
1.1 (1.6)
1.4 (2.8)
< 0.001
0.1–144		
0.9 (1.3)
1.0 (2.8)
< 0.001
0.1–43
32
2.1 (2.2)
2.4 (2.5)
< 0.001
0.5–70
1.5 (2.0)
1.7 (2.4)
< 0.001
0.2–29

Ethics, funding, and potential conflicts of interest
This study was based on the national recommendations for
MoM THA patient screening in Finland. Study data was gathered from register and electronic patient records. Patients
were not contacted directly. For these reasons approval by
the local ethical committee was not required. Data sharing
is not possible. SP reports funding from Turku University
and MSV has received funding from the Academy of Finland
(grant no. 322123). AL, HM, IL, PL, and KTM have nothing
to disclose.

Table 3. Reasons for revision Unilateral and Bilateral Recap Magnum
hips
		Reasons for revision
unilateral bilateral combined
ARMD
Periprosthetic fracture femur
Infection
Loosening of the cup
Loosening of the femoral component
Postoperative hematoma
Cup malposition
Unclear pain
Recurring luxation
Periprosthetic fracture acetabulum
Component breakage
Total

80
20
19
13
10
4
2
4
1
1
1
155

The geometric mean of WB Cr decreased from 1.8 ppb (GSD
1.8) to 1.0 ppb (GSD 2.8, p < 0.001) and the geometric mean
of Co decreased from 1.7 ppb (GSD = 2.4) to 1.4 ppb (GSD
2.8, p < 0.001) in unilateral ReCap-M2a-Magnum patients. In
bilateral patients WB Cr decreased from 2.9 ppb (GSD 1.9) to
1.7 ppb (GSD 2.4, p < 0.001) and WB Co decreased from 3.1
ppb (GSD 2.2) to 2.4 ppb (GSD 2.5, p < 0.001). The median
measurement interval was 4 years (IQR 1.6) in unilateral
patients and 4 years (IQR 1.9) in bilateral patients. Metal ion
changes with p-values are given in Table 2.
In the whole cohort, 74 (7%) patients had Cr levels above
the SUL and 135 (14%) patients had Co levels above the SUL
in the first metal ion measurement, while 72 (7%) patients had
their Cr levels above the SUL and 135 (14%) patients had their
Co levels above the SUL in the last metal ion measurement.
The proportion of patients above the SUL did not change
during the follow-up. In unilateral patients, only 63 (7%) had
a Cr value above the SUL in the first measurement while 62
(7%) had Cr values above the SUL in the last measurement.
110 (13%) unilateral patients had their Co value above the
SUL in the first measurement and 115 (13%) had Co above the
SUL in the last measurement (p = 0.6). In bilateral patients, 11

100
26
25
17
12
5
3
4
3
1
1
197

Revisionfree KM survival (%)

M-RAE-free KM survival (%)

100

100
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Bilateral

95

90
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80
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10
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Bilateral

90

15

Years from index operation

50

0

1,276
348

1,113
322

565
186

5

10

15

Years from index operation
Number at risk

Number at risk

Results

20
6
6
4
2
1
1
–
2
–
–
42

0
0

Figure 5. Kaplan–Meier curve for
unilateral and bilateral implants
separately with revision due to any
reason as endpoint.

1,276
348

1,015
283

415
128

0
0

Figure 6. Kaplan–Meier esti
mates for unilateral and bilat
eral implants, with metal-related
adverse events (M-RAE) as
endpoints.

(8%) had Cr above the SUL in the first measurement and 10
(8%) had a Cr value above the SUL in the last measurement.
25 (19%) bilateral patients had Co above the SUL in the first
measurement and 20 (15%) had Co above the SUL in the last
measurement (p = 0.3). Individual metal ion change is demonstrated in Figure 2.
The combined implant survival for ReCap-M2a-Magnum
THA with revision for any reason as the endpoint was 88%
(CI 86–89) at 10 years and 85% (CI 83–88) at 14 years. For
unilateral implants specifically, the 14-year survival was 85%
(CI 83–88) and for bilateral implants it was almost similar,
86% (CI 81–90) at 14 years. The total number of revised hips
during the follow-up time was 197 (12% of all hips), of which
121 were revised before two blood metal ion measurements.
ARMD was the reason for revision in 100 hips (6% of all hips,
50% of revisions). Median time for revision due to ARMD
was 6.4 years (IQR 3.2), infection 1.6 years (IQR 3.2), and for
any other reason 0.8 years (IQR 5.0) from the implantation.
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Table 4. Cox regression analysis results for metal-related adverse
events
			
Unilateral patients
HR (95% CI) p-value

Bilateral patients
HR (95% CI) p-value

Table 5. Cox regression analysis results for revision due to any
reason
			
Unilateral patients
HR (95% CI) p-value

Bilateral patients
HR (95% CI) p-value

Age (ref. < 60)
60–69
1.1 (0.8–1.4)
0.6
0.9 (0.6–1.4)
0.7
≥ 70
0.9 (0.7–1.3)
0.7
0.8 (0.5–1.3)
0.4
Sex (ref. male)
Female
1.8 (1.4–2.3) < 0.001
0.9 (0.6–1.3)
0.6
Inclination angle (ref. 30–49°)
< 30°
0.8 (0.4–1.7)
0.6
2.1 (0.7–6.7)
0.2
≥ 50°
1.2 (0.9–1.6)
0.2
0.7 (0.4–1.3)
0.3
Anteversion angle (ref. > 0°)
≤ 0°
2.3 (1.3–4.0)
0.006
0.7 (0.2–2.7)
0.6
Head diameter, mm (ref. > 52)				
46–52
0.9 (0.6–1.3)
0.4
0.7 (0.5–1.2)
0.2
< 46
1.3 (0.8–2.0)
0.4
0.5 (0.2–1.2)
0.1

Age (ref. < 60)
60–69
0.9 (0.6–1.3)
0.6
1.2 (0.6–2.3)
0.7
≥ 70
1.0 (0.7–1.5)
0.9
1.3 (0.6–2.1)
0.5
Sex (ref. male)
Female
1.9 (1.4–2.7) < 0.001
1.3 (0.7–2.3)
0.4
Inclination angle (ref. 30–49°)		
< 30°
0.5 (0.1–2.1)
0.4
3.6 (0.9–15)
0.08
≥ 50°
2.2 (1.5–3.2) < 0.001
0.9 (0.4–2.2)
0.8
Anteversion angle (ref. > 0°)
≤ 0°
3.5 (1.9–6.6) < 0.001
2.1 (0.5–8.7)
0.3
Head diameter, mm (ref. > 52)				
46–52
0.5 (0.3–0.8)
0.004
1.0 (0.4–2.6)
1.0
< 46
0.8 (0.4–1.4)
0.4
2.3 (0.7–7.8)
0.2

HR = Hazard ratio
All effect estimates were derived from separate Cox proportional
hazards regression models. As suggested by the directed acyclic
graph (DAG) analysis, the effect estimates for all variables, except
head diameter, were obtained from unadjusted univariable models.
The effect estimates for head diameter were obtained using multi
variable models with adjustment for sex.

For footnotes, see Table 4.

Kaplan–Meier results for implant survival for any reason of
revision are presented in Figure 5, and reasons for revision in
Table 3.
The 14-year survival for metal-related adverse events
(pseudotumor, metal ions above the SUL, or revision due to
ARMD) was 69% (CI 65–73) for unilateral implants and 60%
(CI 55–67) for bilateral implants. The number of metal-related
adverse events was 433 (314 unilateral and 118 bilateral hips).
Kaplan–Meier survival curves are shown in Figure 6.
In Cox proportional hazards regression analysis, cup retroversion (HR 3.5, p < 0.001), inclination angle above 50
degrees (HR 2.2, p < 0.001), and female sex (HR 1.9, p <
0.001) were associated with higher risk of revision in unilateral patients. Furthermore, retroversion of the cup (HR 2.3,
p = 0.006) was associated with a higher risk of metal-related
adverse events. Femoral head diameter of 46–52 mm was
associated with better implant survival as compared with head
diameter of > 52 mm (HR 0.5, p = 0.004). Female sex (HR
1.8, p < 0.001) was associated with a higher risk of metalrelated adverse events in unilateral patients. Cox regression
analysis data is given in Tables 4 and 5.
Of the 563 THAs with MARS-MRI there was a pseudotumor in 338 hips (60%, 21% of all hips), and in 225 (40%)
THAs the MRI was considered normal. Hart 1 pseudotumor
was diagnosed in 132 THAs, Hart 2A pseudotumor in 71
THAs, and Hart 2B was seen in 107 THAs. Solid Hart 3 pseudotumor was identified in 28 hips.
In addition to this, we evaluated 161 hips with repeated
MARS-MRI imaging. 39 patients did undergo 3 MARS-MRI
imaging sessions and 6 patients had 4 MARS-MRI. Of these,

66 patients had normal initial MARS-MRI and 46 of these
were normal in the repeated imaging. There was a new pseudotumor in 20 hips that had normal initial MRI. In 14 hips
with initially diagnosed pseudotumor, the repeated MARSMRI was considered normal. 11 were Hart 1 pseudotumors, 2
were Hart 2A pseudotumors, and 1 was Hart 2B pseudotumor.
47 hips with pseudotumors were evaluated to be similar in
size and grade in the repeated MRI. In 10 hips the pseudotumor was smaller in the repeated MARS-MRI. However, in 24
hips the pseudotumor had increased in size and in 4 of these
the grade of the pseudotumor had also increased.
We reviewed postoperative OHS questionnaire data regarding 1,252 hips. Median OHS score was 43 (excellent outcome)
and mean was 40 (good outcome). The majority, 729 (58%),
of hips had excellent functional outcome, while 228 (18%)
hips had a good patient-reported outcome. Further, 136 (11%)
hips had a moderate functional outcome and 159 (13%) hips
had a poor functional outcome.

Discussion
We found that WB Cr and Co levels decreased during median
10-year follow-up. 14-year survival was 85% for any reason
for revision, and 69% for metal-related adverse events.
Our previous mid-term metal ion report was based on 319 unilateral ReCap-Magnum patients who were operated on in Turku
University Hospital with a mean follow-up time of 7 years. A
decrease in both WB Cr and Co ion levels with time was noted.
Metal ion levels stayed mostly below the SUL if the values were
initially low. The same trend was seen in 61 bilateral ReCapMagnum patients with repeated measurements (7,8).
In the current study we have included all ReCap-M2a-Magnum THA patients operated on in the Hospital District of Southwest Finland. 859 unilateral and 132 bilateral ReCap-Magnum
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patients with at least 2 metal ion level measurements and a
median follow-up of 10 years demonstrated a decreasing trend
in WB metal ion levels. Compared with the previous studies,
our results demonstrate that the decrease in WB Cr and Co
ion levels continues further in long-term follow-up (7,8). The
number of patients with metal ion levels above the SUL did not
increase during this longer follow-up period either. This is the
largest study of repeated WB Cr and Co ion measurements of
ReCap-Magnum THA patients that we are aware of.
The decreasing trend of metal-ion levels in well-functioning MoM hip patients has been reported also in other studies
(12,16,17). In some implants a longer “run-in” phase, or phase
of elevated metal ion release, has been observed. Sangaletti
et al. found an increase of Co but not Cr ions from 5 to 10
years after implantation in a cohort of 36 mm Pinnacle-Ultamet MoM THA patients (18). Bernstein et al. reported a “runin” period that peaked 4 years after implantation but declined
thereafter and stayed steady until 10 years from the operation. However, their implants were 2nd-generation Metasul
implants and thus not directly comparable to our study (19).
It has been suggested that beyond 10 years from surgery
the appropriate follow-up interval for MoM hip resurfacing
patients could be 5 years (4). Based on our data and these previous data we suggest that 5-year measurement interval for
asymptomatic ReCap-M2a-Magnum patients may be sufficient in the future.
Our overall 10-year survival of 88% is in line with previous literature. In our previous report the 5-year survival of
ReCap-M2a-Magnum THA was 93% for any reason for revision. 104 (8%) of 1,329 hips were revised after a median follow-up of 5 years, and ARMD was reported as the reason for
revision in 33 hips (32% of revisions) (9). In the present study
197 hips (12%) had been revised and ARMD was the reason
for revision in 50% of these reoperations at median of 10 years
from the implantation. Lainiala et al. reported almost similar
10-year survival of 89% for ReCap-M2a-Magnum THA in a
Finnish population (20). Both AOANJRR and FAR report a
revision rate of 11% at 10 years and FAR has a 15-year revision rate of 14% for ReCap-M2a-Magnum THA (6,21). In a
study based on the Finnish Arthroplasty Register the 10-year
survivorship was 88% (22).
The Kaplan–Meier survival for metal-related adverse events
was a proxy for functional failure of ReCap-M2a-Magnum
THA implants. Even though the amount of metal-related
adverse events was rather high, patients were mainly satisfied with their hip and revision surgery was relatively rarely
required. Indications for revision surgery after MoM THA are
severe symptoms caused by ARMD, large pseudotumors with
tissue necrosis, and high WB metal ions (23). The revision
decision is multifactorial, even though early revision may be
associated with improved outcome (1).
We found pseudotumors in 338 hips (60%) of 563 hips undergoing MARS-MRI. However, MARS-MRI was performed
only on patients with metal ions above 5 ppb, and/or those
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patients with a symptomatic hip. Therefore, the relatively high
proportion of patients with a pseudotumor in MARS-MRI does
not represent the whole cohort. Nevertheless, 338 of 1,624 hips
(21% of all hips) were diagnosed with a pseudotumor, and the
true incidence of pseudotumors would probably be higher. For
preference, we would have had MARS-MRI images of all the
hips. On the other hand, patients reported mainly good to excellent OHS scores postoperatively, suggesting that a substantial
number of pseudotumors were asymptomatic. Similarly, Borgwardt et al. reported good to excellent functional outcomes up
to 7 years after ReCap-M2a-Magnum THA implantation (24).
In our study, repeated MARS-MRI images were normal most
of the time if the initial MARS-MRI was considered normal,
and the grade of the pseudotumors rarely changed. Reito et al.
have previously reported similar findings in their study of 154
ASR patients (25). It has been suggested that routine MARSMRI imaging after 10 years of MoM hip implantation might
not be beneficial (4).
Female sex was associated with an increased revision risk
and also an increased risk of metal-related adverse events.
It has also been stated previously that female patients have
a higher revision rate associated with MoM THA implants
than men, even with the same head size (1). Cup retroversion was associated with a higher incidence of metal-related
adverse events and higher revision rate in unilateral patients
in the current study. High inclination angle was associated
with an increased risk of metal-related adverse events in unilateral implants. Cup malposition in ReCap-M2a-Magnum
THA patients has also been associated with elevated metal
ion levels in an earlier publication (26). The ability to tolerate implant malposition is clearly decreased using the ReCapMagnum device, which is a major weakness.
Our study has several limitations. First, the study setting was
retrospective. Our results may be prone to selection bias. The
worst ARMD hips were revised relatively early on, and therefore they did not undergo repeated metal ion measurements.
Many of these revised patients would probably have had elevated whole-blood metal ion levels without the early revision
to conventional THA. Also, some of the patients were reoperated on early due to fracture or infection and were not involved
in metal ion measurements. MARS-MRI was performed only
on patients with elevated metal ions above 5 ppb, or a symptomatic hip. Even though the angle measurements were performed using a standardized method, the intraclass correlation
was not separately assessed. Further, our findings are implant
specific, and not generalizable to other MoM THA brands.
In conclusion, WB Cr and Co ion levels decreased in
median 10-year follow-up in the largest ReCap-Magnum
series of repeated measurements we are aware of. Based on
our findings, we suggest that after 10 years from the implantation the appropriate measurement interval for asymptomatic
ReCap-M2a-Magnum THA patients might be longer, e.g., 5
years in the future. The amount of metal-related adverse events
was relatively high, but patient satisfaction was acceptable.
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