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Background and purpose — Long-term outcome of 
small head (28 mm) metal-on-metal (MoM) total hip 
arthroplasty (THA) is available mainly for Metasul devices 
(Sulzer Medica, Winterthur, Switzerland). Biomet MoM 
THA was frequently used in Finland. Therefore, we assessed 
long-term survivorship of the M2a 28-mm RingLoc MoM 
THA (Biomet, Warsaw, IN, USA) and compared it with the 
metal-on-polyethylene (MoP) RingLoc THA from the same 
manufacturer.

Patients and methods — We conducted a register study 
based on THAs from the Finnish Arthroplasty Register per-
formed between January 1, 2000 and December 31, 2007. 
290 28-mm head M2a MoM THAs and 1,647 28-mm head 
MoP THAs (reference group) were included. The endpoint 
was revision for any reason, or revision for aseptic loosening, 
osteolysis, liner wear, or metallosis as one group. Kaplan–
Meier survival estimates were calculated, and revision risks 
were assessed using a Cox multiple regression model, both 
with 95% confidence intervals (CI).

Results — No difference was found in the 15-year 
Kaplan–Meier survivorship between the 28-mm head M2a 
RingLoc MoM THA and the reference group for any reason 
for revision (87.7% [82.9–92.1] and 83.3% [81.0–85.3], 
respectively). The adjusted hazard ratio (HR) for any reason 
for revision for the MoM THA group compared with the ref-
erence group was at least equal or better (0.70 [0.48–1.02]). 
Both groups presented similar survival for revision for asep-
tic loosening of the cup, osteolysis, liner wear, or metallosis, 
at 96.2% (92.7–98.0) and 95.4% (93.9–96.5), respectively.

Interpretation — In the long-term survival there was no 
difference between the M2a 28-mm RingLoc MoM THA 
and 28-mm MoP THA. Further follow-up regimens for M2a 
28-mm RingLoc THA patients may be unnecessary, but 
long-term metal ion and radiological data is needed before 
any formal suggestions.

Polyethylene wear and osteolysis of metal-on-polyethylene 
(MoP) total hip arthroplasty (THA) generated the rise of 
second-generation metal-on-metal (MoM) bearing surfaces 
in the 1990s (1,2). The absence of polyethylene particles and 
the reported low wear rate were the drivers for the increased 
usage of MoM THA (3). After promising short-term results, 
alarming implant failures and adverse reactions to metal 
debris (ARMD) were notoriously reported for large diameter 
head (LH) MoM THA (4-6). Unlike LH MoM, small-head 
(SH) MoM THA with 28mm head diameter has been asso-
ciated with satisfactory survivorship and fewer development 
of ARMD (7-11). However, there is only very limited data 
concerning survivorship of the second-generation small head 
MoM THAs other than the Metasul bearing THA (Sulzer 
Medica, now Zimmer Biomet, Warsaw, IN, USA, and Winter-
thur, Switzerland), which was introduced in 1988.

Biomet (Biomet, Warsaw, IN, USA) introduced a 28-mm 
head M2a RingLoc THA in the late 1990s. M2a bearing sur-
faces were made of wrought high carbon Co-Cr-Mo alloy in 
accordance with ASTMF-1537/ISO 5832-12. The M2a Ring-
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Loc liner was manufactured by molding a block of conven-
tional polyethylene (ArCom, Biomet) around a highly polished 
metal alloy bearing insert (12). The M2a RingLoc THA was 
the most common SH MoM device in Finland. Long-term sur-
vivorship data of this device is scarce. Therefore, we assessed 
the long-term survival of the uncemented SH M2a RingLoc 
THA, and compared it with that of metal-on-polyethylene 
(MoP) RingLoc THA from the same manufacturer. 

Patients and methods

Our study is based on data from the Finnish Arthroplasty 
Register (FAR). Management and activity of FAR has been 
presented previously (13). All arthroplasty units including pri-
vate hospitals deliver THA data, thus coverage of hospitals is 
100%. Completeness of primary THA exceeds 95%, and com-
pleteness of revision THA is 81%  (14). The data content of the 
register was scrutinized and revised in May 2014. The updated 
data includes information on ARMD as reason for revision.

Study population
Between January 2000 and December 2007, 290 M2a 28-mm 
RingLoc MoM THAs (study group) and 1,647 MoP 28-mm 
RingLoc THAs (reference group) were recorded, with follow-
up until December 31, 2017. THAs with the head size other 
than 28 mm and head size material other than metal were 
excluded. Revision was identified as change or removal of at 
least one component in the hip. 

Surgery 
In both groups the cup component was always Vision RingLoc 
with a conventional ArCom polyethylene liner. Only unce-
mented stems were included. A Bi-Metric stem was used in 
92% of cases in the study group and 99% in the control group. 

Statistics
The endpoint was revision for any reason (primary), or revision 
for aseptic loosening, osteolysis, liner wear, or ARMD (second-
ary, composite of all these mentioned revision causes). Prior 
register revision in May 2014, revisions performed for oste-
olysis and wear were coded as performed for “other reason.” 
Therefore, revisions performed for other reason prior May 2014 
are included in the analyses of secondary outcome. Patients 
were censored for any other event than the outcome, or at the 
end of the follow up. The Kaplan–Meier (K–M) survival esti-
mates with the 95% confidence interval (CI) were calculated for 
both groups at 1, 5, 10, and 15 years for any reason for revision 
and for loosening of the cup, osteolysis, liner wear, or ARMD. 
The survival curves were compared using a log-rank test.  

In theory, inclusion of bilateral cases in a survival analysis 
violates the basic assumption that all cases are independent. 
However, several reports have shown that the effect of includ-
ing bilateral cases in studies of implant survival is negligible 

(15,16). Therefore, after careful consideration we decided to 
include bilateral cases (128) in the analyses.

We adjusted the estimated revision risks in the Cox multiple 
regression model by sex and diagnosis (primary osteoarthritis, 
rheumatoid arthritis, other). Age group (18–54, 55–65, > 65) 
was stratified. The second analysis was performed for loosen-
ing of the cup, osteolysis, liner wear, or ARMD as endpoint. 
Sex and diagnosis were also adjusted for in the Cox model, 
and age group was stratified. 

Proportional hazards (PH) assumption was checked by 
visual inspection of the K–M curves, and using a Kolmogorov-
type supremum test and graphically using Schoenfeld residu-
als. If the PH assumption for a variable was not fulfilled in the 
Cox model, the model was stratified by that instead. Strati-
fication in Cox models means that all level combinations of 
the stratified variables are allowed to have a different baseline 
hazard, and the hazard ratios for the other variables (those that 
meet the PH assumption) are then optimized for these. With-
out stratification we would assume that the baseline hazards 
were the same for all levels of such variables. Results of the 
Cox regression analysis are presented with the hazard ratio 
(HR) and 95% CI.

All analyses were performed using SAS software, Version 
9.4 (SAS Institute, Cary, NC, USA).

Ethics, funding, data sharing, and disclosures
Ethical approval was granted on June 13, 2017 by National Insti-
tute for Health and Wellfare (Dnro THL/926/5.05.00/2017). 
The authors declare no conflicts of interest. The study was 
funded by the Finnish Arthroplasty Association and the Finn-
ish Government Research Grant. Data sharing is not possible.

Table 1. Demographic data for the whole study period. Values are 
number (%)

  M2a group Reference group
Factor (290 hips) (1,647 hips)
 
Male sex  83 (29) 827(50)
Diagnosis  
 Primary osteoarthritis 185 (64) 1,399 (85)
 Rheumatoid arthritis 30 (10) 56 (3)
 Other 75 (26) 192 (12)
Age group  
 18–54 124 (43) 233 (14)
 55–65 106 (37) 614 (37)
 > 65 60 (20)  800 (49)
Status at end of follow-up (including dead)  
 Not revised 256 (88) 1,413 (86)
 Revised 34 (12) 234 (14)
Stem model  
 Bi-Metric 267 (92) 1,629 (99)
 Other a                                  23 (8) 18 (1)
Operation year  
 2000–2003 187 (65) 1,102 (67)
 2004–2007 103 (35) 545 (33)

a ABG II, Accolade I, BFX, BIHAPRO, CDH, CLS, Lubinus SP II,   
  Mallory-Head, Taperlock.
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Results
Demographics
Table 1 presents the demographic data of the 2 groups. Mean 
follow-up time of the study group was 13.3 years (range 

0.8–18.4) and that of the reference group 12.1 years (range 
0–18.5). Reasons for revision are presented in Tables 2 (prior 
the data contents revision May 15, 2014) and 3 (May 15, 2014 
onwards). Mortality during the study period of the M2A group 
was 17% and that of the reference group 31%. The number of 
patients with bilateral THA was 128, and in 19 patients THA 
was performed simultaneously. 

Revision for any reason 
There was no difference in the 15-year survivorship with revi-
sion for any reason as endpoint between the groups, at 87.7% 
(82.9–91.2) for the study group and 83.3% (81.0–85.3) for the 
reference group (Table 4 and Figure 1). In the Cox regres-
sion analysis, there was no difference in the risk of revision of 
the study group compared with the reference group (HR 0.70 
[0.48–1.02]) (Table 5), i.e., results were inconclusive in terms 
of this endpoint.

Revision for aseptic loosening of the cup, osteolysis, 
liner wear, or ARMD
There was no difference in the 15-year survivorship with revi-
sion for aseptic loosening of the cup, osteolysis, liner wear, or 
ARMD as endpoint between the groups: study group 96.2% 
(92.7–98.0) and reference group 95.4% (93.9–96.5) (Table 4 
and Figure 2). In the Cox regression analysis, there was no 

Table 2. Indication for revision prior to Finnish Arthroplasty Register 
data content revision (May 15, 2014). Values are number (%)

Main reason for revision M2a group Reference group

Aseptic loosening  
 Cup and stem 0                  1 (1)
 Cup 2 6 (3)
 Stem 1 7 (4)
Infection 1 11 (6)
Dislocation 6 72 (42)
Component malposition 1 13 (7)
Fracture 2 14 (8)
Component breakage 1 1 (1)
Other reason       3 25 (15)
Missing data  7 22 (3) 

Table 3. Indication for revision after new indications for revision 
were added at the Finnish Arthroplasty Register data content revi-
sion in May 15, 2014. Values are number (%)

Main reason for revision M2a group Reference group

Aseptic loosening   
 Cup 2 2
 Stem 0  2
Cup osteolysis 1 7 
Liner wear 0  17
Liner breakage 0 1
Infection 1 2
Dislocation 1 10
Cup malposition  0  3
Periprosthetic femur fracture 2 8
Adverse reaction to metal debris 2  0
Missing data  1 10 

Table 4. Kaplan-Meier (K–M) survival (%) with 95% confidence interval (CI) for M2a group and the reference group in primary THA

 Total Revisions  1-year K–M  5-year K–M  10-year K–M  15-year K–M
Study group n n At risk survival At risk survival (CI) At risk survival (CI) At risk survival (CI)

Revision for any reason as the end-point 
 M2a 290 34 287 99.3 (97.6–100) 270 96.2 (93.2–97.9) 240 92.1 (88.2–94.7) 109 87.7 (82.9–91.2)
 Reference  1,647 234 1,583 97.4 (96.5–98.0) 1,438 94.5 (93.2–95.5) 1,230 91.1 (89.6–92.4) 593 83.3 (81.0–85.3)
Revision for aseptic loosening of the cup, osteolysis, liner wear, and ARMD as the end-point
 M2a 290 10 287 100         – 270 99.6 (97.5–99.9) 240 98.1 (95.5–99.2) 109 96.2 (93.2–98.0)
 Reference 1,647 59 1,583 99.6 (99.2– 99.8) 1,438 99.3 (98.7–99.6) 1,230 98.8 (98.1–99.2) 593 95.4 (93.9–96.5)

Figure 1. Kaplan–Meier survival 
for the M2a group (blue) and the 
reference group (red) with 95% CI 
levels with revision for any reason 
as the endpoint. Logrank p = 0.1.

Figure 2. Kaplan–Meier survival 
for the M2a group (blue) and the 
reference group (red) with 95% CI 
levels with revision for aseptic loos-
ening of the cup, osteolysis, liner 
wear, or ARMD as the endpoint. 
Logrank p = 0.6.
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difference in the risk of revision of the study group compared 
with the reference group (HR 0.72 [0.36–1.45]) (Table 5), i.e., 
results were inconclusive in terms of this endpoint.

Discussion

We found that, in the long term, there was no difference 
between the M2a 28-mm head MoM THA and 28-mm head 
MoP THA. 

Previous reports focus mainly on devices under the same 
product umbrella with notable differences. Van der Veen et al. 
(12) reported similar 96% implant survival rates at 13 years 
when comparing 23 cemented M2a THAs and 33 cemented 
MoP THAs. A Stanmore cemented stem was used in both 
groups. In the current study, all acetabular and femoral com-
ponents were uncemented, although the bearing couple was 
the same as in the report of van der Veen. However, when 
using uncemented Biomet cups (PE+M2a or PE) the liner was 
attached to the acetabular component by RingLoc mechanism, 
producing intraoperative modularity comparable to the mono-
block Stanmore cup. Implant survival in our study for both 
M2a and MoP THA groups was slightly inferior compared 
with those of van der Veen et al. (12) but their study patients 
initially participated in a single-center trial whereas our data 
represents nationwide results. Difference in fixation method 
may also have some minor bias on the results.

Lombardi et al. (17)  reported on 300 hips with M2a Taper 
bearing THA with a wrought cobalt-chromium tapered insert 
that was impacted into a titanium porous plasma spray-coated 
outer shell and articulated with a wrought cobalt-chromium 

modular femoral head (28 or 32 mm). Also, this M2a device 
differs notably from our study device. The M2a insert used in 
the study of Lombardi et al. adds an extra metal-on-metal sur-
face between the cup (titanium alloy) and the insert (cobalt-
chromium). Further, in our study the head size was always 
28 mm. Their 10-year survival rate was 96%, 15-year rate 
92%, and 19-year rate 73%. ARMD was found in 5% and 
this was the main reason for revision in 70% of re-operations. 
Again, our population-based implant survival overall was 
slightly inferior in both the MoM and MoP groups. However, 
ARMD revisions in our data were scarce. There were 2 revi-
sions performed for ARMD during the new register era, and 
3 revisions performed for “other reason” before the FAR reg-
ister reformation. If the latter were true ARMD cases (not for 
example leg-length discrepancy etc.), the worst-case scenario 
for ARMD revision is 1.7% (5 of 290), and the best-case sce-
nario 0.7% (2 of 290). At most 19% of all revisions in our 
study were performed for ARMD. Avoiding the extra metal-
on-metal surface in the RingLoc MoM device may reduce 
metallosis compared with the tapered system from the same 
manufacturer. 

De Steiger et al. (18) assessed 15-year survivorship of MoM 
THA using small heads (≤ 32 mm) compared with large heads 
based on the Australian Orthopaedic Association National 
Joint Replacement Registry (AOANJRR). The cumulative 
percentage revision for SH MoM THA was 8.5%, whereas 
that for LH MoM THA was 27%. The authors concluded that 
although implant survival of the SH MoM THA was substan-
tially greater than that of the LH MoM THA, over time there 
was also a gradual increase in the diagnosis of ARMD for 
the SH MoM THA. However, 78% of the study devices had 
a Metasul bearing couple. There were only 90 Biomet Ring-
Loc devices and 54 Biomet Taperloc devices among an over-
all 4,838 SH MoM THAs, so the conclusions are not directly 
adaptable for the M2a SH devices. Contrary to their results, 
no increase ARMD revisions was detected in the current study 
including RingLoc SH MoM THA only. We are not aware of 
any larger series of 28-mm RingLoc MoM THA than the cur-
rent one.

We acknowledge that our study has several limitations. 
First, the study setting was retrospective, although the data 
was prospectively collected. Unfortunately, we do not have 
any radiographic or MRI data to detect osteolysis or metal-
losis, or data on the whole-blood cobalt or chromium levels 
of the SH MoM THA patients. However, it has been stated 
previously that the prevalence of pseudotumors may be simi-
lar in patients with a well-functioning hip prosthesis and 
patients with a painful hip. Although MRI is useful for surgi-
cal planning, the presence of a cystic pseudotumor may not 
necessarily indicate the need for revision arthroplasty (19). In 
LH ReCap-M2a MoM THA, patients’ blood metal ion level 
decreased in the long-term follow-up. Also patient satisfaction 
was excellent or good in 76% of patients in spite of marginally 
elevated blood-metal ions (20). 

Table 5. Revision risk according to Cox regression model for any 
reason for revision and revision for aseptic loosening of the cup, 
osteolysis, liner wear, or ARMD. Adjusting variables and stratified 
variables are mentioned below  

   
Group HR (CI) p-value

All revisions as endpoint
 Reference group 1  
 M2a group 0.70 (0.48–1.02) 0.06
 Adjusting variables   
     Female vs. male 0.96 (0.75–1.22) 0.7
     Diagnosis: Other vs. OA 1.01 (0.70–1.45) 0.9
     Diagnosis: RA vs. OA 1.06 (0.60–1.87) 0.9
 Model stratified by age group 
Revision for loosening of the cup/osteolysis /ARMD/liner wear 
 Reference group 1  
 M2a group 0.72 (0.36–1.45) 0.4
 Adjusting variables
     Diagnosis: Other vs. OA 1.24 (0.65–2.39) 0.5
     Diagnosis: RA vs. OA 1.19 (0.42–3.34) 0.7
     Female vs. male 1.24 (0.76–2.02) 0.4
 Model stratified by age group

HR = hazard ratio; CI = 95% confidence interval. 
OA = primary osteoarthritis; RA = rheumatoid osteoarthritis.
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Data on patient comorbidities was not included either. There 
was a difference in mortality between the 2 groups (17% for 
M2a and 31% for the reference group), suggesting that there 
may be some confounding by indication. Further, we could 
only assess revision operation as the outcome, because we do 
not have data on patient-reported outcome measures. Some 
patients may have experienced pain or other implant-related 
problems without undergoing a revision. Moreover, the com-
pleteness of data of the revision operations in FAR has varied 
between 80% and 90%, so some revisions are missing. How-
ever, we do not think that these issues notably influenced our 
results and the message. Our findings are implant specific, and 
not generalizable to other SH MoM THA brands. 

In conclusion, there was no difference in the long-term 
implant survival between the SH M2a RingLoc THA and MoP 
RingLoc THA from the same manufacturer. This is the largest 
series of this device we are aware of. Revisions for ARMD 
were infrequent. Further follow-up regimens for M2a 28-mm 
RingLoc THA patients may be unnecessary, but long-term 
metal ion and radiological data are needed before any formal 
suggestions. 
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