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Second-generation large-diameter head (LDH) MoM THA 
and HRA gained popularity at the beginning of the 21st cen-
tury (FAR, AOANJRR 2016, NJR 2016). Metal particles 
emanate as a result of corrosion and wear of metal-on-metal 
(MoM) hip implants and can disseminate throughout the 
body. These particles can be found in several organs includ-
ing lymphatic tissue, bone marrow, liver, and spleen (Case et 
al. 1994, Shea et al. 1997, Urban et al. 2000, Shimmin and 
Back 2005). Metal debris from hip implants has been associ-
ated with chromosomal aberrations and DNA damage (Case 
et al. 1996, Bonassi et al. 2000, Daley et al. 2004, Polyzois et 
al. 2012, Sarhadi et al. 2015). Wear particles are released both 
from MoM and conventional metal-on-polyethylene (MoP) 
bearings and from the trunnion of MoM THA (Pastides et al. 
2013). However, the risk of cancer was not increased after 
conventional MoP THA or after earlier used fi rst-generation 
MoM THA (Visuri et al. 1996, 2010). 

Previous studies have found no increase in the overall risk 
of cancer after second-generation MoM hip arthroplasty in the 
short term when compared with other bearing types (Mäkelä 
et al. 2012, Smith et al. 2012, Brewster et al. 2013, Lalmo-
hamed et al. 2013). However, follow-up time in these studies 
is relatively short as cancer takes years to develop. A recent 
meta-analysis could not fi nd causative relationship between 
second-generation MoM implants and cancer risk (Chris-
tian et al. 2014). At the same time, a previous Finnish study 
reported an increased incidence of basalioma and soft tissue 
sarcoma in patients treated with MoM implants compared 
with patients treated with non-MoM implants (Mäkelä et al. 
2014). Sarcoma is a severe, life-threatening disease and due to 
these earlier fi ndings we felt obligated to update our data with 
longer follow-up.

Background and purpose — Metal-on-metal (MoM) 
total hip arthroplasty (THA) and hip resurfacing arthroplasty 
(HRA) have been widely used during the early 21st century. 
We assessed the midterm risk of cancer of patients treated 
with modern MoM hip implants compared with patients with 
non-MoM hip implants and the general Finnish population 
with special interest in soft tissue sarcomas and basalioma 
due to the fi ndings of our previous report.

Patients and methods — All large-diameter head MoM 
THAs and hip resurfacings performed in Finland between 
2001 and 2010 were extracted from the Finnish Arthroplasty 
Register (10,728 patients). Patients who underwent conven-
tional THA formed the non-MoM reference cohort (18,235 
patients). Data on cancer cases up to 2014 were extracted 
from the Finnish Cancer Registry. The relative risk of 
cancer in the general population was expressed as the ratio 
of observed to expected number of cases, i.e., standardized 
incidence ratio (SIR). Poisson regression analysis was used 
to compare the cancer risk between the cohorts. The mean 
follow-up was 7.4 years (1–14) in the MoM cohort and 8.4 
years (1–14) in the non-MoM cohort.

Results — The overall risk of cancer in the MoM cohort 
was comparable to the general Finnish population (SIR 0.9, 
95% CI 0.9–1.0). Risk of basalioma in the MoM cohort was 
higher than in the general Finnish population (SIR 1.2, CI 
1.1–1.4) and higher than in the non-MoM cohort in the strati-
fi ed regression analysis (RR 1.2, CI 1.0–1.4, p = 0.02). The 
SIR of soft-tissue sarcoma in the MoM cohort was 1.4 (CI 
0.6–2.8); the incidence was same as in the non-MoM cohort.

Interpretation — Metal-on-metal hip implants are not 
associated with an increased overall risk of cancer during 
midterm follow-up.
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We have now updated our earlier results on risk of cancer 
(Mäkelä et al. 2012, 2014) in patients treated with primary 
MoM hip implants compared with patients treated with pri-
mary non-MoM THAs and the general Finnish population in 
midterm follow-up, specifi cally the risk of sarcoma, basali-
oma, and skin melanoma.

Patients and methods

In Finland virtually all cancer cases are recorded in the pop-
ulation-based Finnish Cancer Registry (Teppo et al. 1994, 
Pukkala et al. 2018) and 98% of primary total hip implants 
are recorded in the Finnish Arthroplasty Register (FAR). LDH 
MoM THAs and hip HRAs performed in Finland between 
2001 and 2010 were extracted from the FAR and formed the 
MoM cohort. Patients who underwent metal-on-polyethylene, 
ceramic-on-polyethylene, or ceramic-on-ceramic THA during 
the study period formed the non-MoM reference cohort. All 
of these study subjects were followed-up until December 
31, 2014 for emigration and vital status via the Population 
Registry, and for cancer incidence via Finnish Cancer Reg-
istry through a personal identity code. None of the patients 
were lost to follow-up. While forming the study population 
we included the fi rst hip implant in every patient. If a patient 

received another hip implant later, only those who had similar 
bearings in both sides were included. 

There were 10,728 patients in the MoM cohort and 18,235 
patients in the non-MoM THA cohort included in this study; 
46% of the patients were men (Tables 1 and 2). The number 
of person-years at follow up was 79,521 for the MoM cohort 
and 152,358 for the non-MoM cohort. Of all our patients 497 
(4.6%) had bilateral MoM implants. The mean follow-up was 
7.4 years (0–14) in the MoM cohort and 8.4 years (0–14) in 
the non-MoM cohort. 

Statistics
For both cohorts (MoM and non-MoM) the person-years 
at risk were calculated within stratifi cation of sex, calendar 
period (2001–05 and 2006–10), 5-year age groups, and fol-
low-up time (< 2, 2–5, and > 5 years since the operation). 
The expected number of each type of cancer within each 
stratum was calculated by multiplying the person-years in 
the stratum by the stratum’s age, sex, and calendar-period-
specifi c cancer incidence rate for the Finnish population. 
The total expected numbers of cancers were summed over 
the strata. The cancer risk relative to the Finnish population, 
i.e., standardized incidence ratio (SIR), was expressed as the 
ratio of observed to expected number of cases. For the 95% 
confi dence intervals (CI), we assumed that the number of 
observed cases followed a Poisson distribution. The study 
population and detailed information on the implant types 
have been presented in detail in earlier publications (Mäkelä 
et al. 2012, 2014). 

Poisson regression analysis was used to estimate the relative 
cancer risk between the MoM and non-MoM cohorts for soft 
tissue sarcomas, melanoma and basalioma. Soft-tissue sarcoma 
and basalioma were chosen for Poisson regression due to the 
earlier results of Mäkelä et al. (2012, 2014) and skin melanoma 
due to earlier results with conventional THA (Visuri et al. 2003, 
Onega et al. 2006). The risk estimate (incidence rate ratio) was 

Table 1.  Number of patients (n) according to age at operation, and number of person-years (PY) according to the age at follow-up. The 
non-metal-on-metal cohort consisted of implants with metal-on-polyethylene, ceramic-on-polyethylene, and ceramic-on-ceramic bearing 
surfaces 

 Metal-on-metal cohort Non-metal-on-metal cohort Total
 Men Women Men Women Men Women
Age n PY n PY n PY n PY n PY n PY

  0–9 1 1 – – – – – – 1 1 - -
10–19 5 16 3 16 – – – – 5 16 3 16
20–29 25 136 16 69 4 17 7 29 29 153 23 98
30–39 159 558 67 309 30 119 20 116 189 677 87 425
40–49 741 3,746 471 2,078 143 730 157 578 884 4,476 628 2656
50–59 2,277 11,787 1,643 8,578 850 3,880 922 4,416 3,127 15,667 2,565 12,994
60–69 2,257 19,652 1,581 14,090 2,260 13,980 2,739 16,099 4,517 33,632 4,320 30,189
70–79 763 9,403 594 6,773 3,044 25,854 5,397 39,047 3,807 35,257 5,991 45,820
80– 65 1,276 48 1,036 698 13,610 1,953 33,884 763 14,886 2,001 34,920

Total 6,293 46,573 4,423 32,948 7,029 58,190 11,195 94,168 13,322 104,763 15,618 127,116

PY: person-years

Table 2. Baseline characteristics  for the metal-on-metal cohort and 
for the non-metal-on-metal cohort

 Metal-on- Non-metal-on-
Factor metal cohort metal cohort

Mean age (SD)      59 (10)        71 (9)
Number of women, n (%) 4,426 (41) 11,202 (61)
Primary osteoarthritis, n (%) 9,901 (92) 17,683 (97)
Secondary osteoarthritis, n (%)    827 (8)      552 (3)
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adjusted for age (0–49,50–59, 60–69, 70–79, 80+) and follow-
up time (< 2, 2–5, and > 5 years since the operation). Poisson 
regression analysis was checked for over-dispersion. The level 
of statistical signifi cance was set at p < 0.05. 

Ethics, funding, and potential confl icts of interest
Ethical approval: 13.6.2017, Dnor THL/926/5.05.00/2017. 
This research received no funding. The authors declare no 
confl icts of interest.

Results

The overall risk of cancer in patients treated with MoM hip 
implants was slightly lower than in the general Finnish popu-
lation (SIR 0.9, 95% CI 0.9–1.0) (Table 3). 

There were 8 soft-tissue sarcomas in the MoM cohort during 
the follow-up period (SIR 1.4, CI 0.6–2.8) (Table 2). The risk 
of soft-tissue sarcoma in the MoM cohort was the same than 
that in the non-MoM cohort (RR 0.9, CI 0.4–2.0, p = 0.8). 

Incidence of basalioma in the MoM cohort was higher than 
in the general Finnish population (SIR 1.2, CI 1.1–1.4; p < 
0.001) (Table 3) and also higher than that of the non-MoM 
cohort (RR 1.2, CI 1.0–1.4, p = 0.02). 

The SIR of skin melanoma in the MoM cohort was 1.1 (CI 
0.8–1.5) and that in the non-MoM cohort was 1.2 (CI 1.0–
1.5) (Table 3). Risk of melanoma in the MoM cohort was not 
higher than that in the non-MoM cohort (RR 0.9, CI 0.6–1.4, 
p = 0.7).

Discussion

We found that the overall midterm risk of cancer was not 
increased in patients treated with MoM hip implants when 
compared wit the general Finnish population in midterm 
follow-up. This is in line with previous short term follow-up 
studies on second-generation MoM hip implants (Mäkelä et 
al. 2012, Smith et al. 2012, Brewster et al. 2013, Lalmohamed 
et al. 2013, Mäkelä  et al. 2014).  The slightly lower overall 
risk of cancer in the MoM group can be infl uenced by the fact 
that MoM patients tend to be young and possibly healthier 
than the average population, which might cause some selec-
tion bias. A recent study from Slovenia including only THAs 
found a slightly higher risk of overall cancer in patients treated 
with MoM bearing when compared with the general popula-
tion or the non-MoM patients (Levasic et al. 2018). In that 
study the specifi c cancer types that had higher prevalence in 
the MoM cohort compared with the general population were 
skin cancers excluding melanoma and prostate cancer. Com-
parably, we found higher risk for basalioma in our MoM 
cohort. This confi rmation of our results from another country 
is an interesting fi nding, and needs further research. The study 
cohort size in the study by Levasic et al. was smaller than ours 
(338 MoM THAs). Prostate cancer risk was not increased in 
the MoM cohort in our study when compared with the general 
Finnish population.  

Although MoM hip implants are associated with local pseu-
dotumors, adverse local tissue reactions (ALTR), and possible 
genetic alterations, based on earlier literature it seems that the 

Table 3. Observed numbers of cancer cases, the expected numbers of cancer cases approximated from the Finnish pop-
ulation, and standardized incidence ratios with 95% confi dence intervals—according to site—are given for the metal-on-
metal cohort and for the non-metal-on-metal cohort. The latter cohort consisted of implants with metal-on-polyethylene, 
ceramic-on-polyethylene, and ceramic-on-ceramic bearing surfaces

 
 Metal-on-metal cohort Non-metal-on-metal cohort 
Primary site Obs Exp SIR 95% CI % of cancer Obs Exp SIR 95% CI % of cancer

All sites 915 973 0.9 0.9–1.0 9 2851 2852 1.0 1.0–1.0 16
Stomach  23 21 1.1 0.7–1.7 0.2 75 74 1.0 0.8–1.3 0.4
Colon  48 55 0.87 0.6–1.2 0.4 187 199 0.9 0.8–1.1 1
Lung 61 95 0.64 0.5–0.8 a 0.6 203 260 0.78 0.7–0.9 a 1
Corpus uteri 24 22 1.1 0.7–1.6 0.2 78 82 1.0 0.8–1.2 0.4
Prostate 239 216 1.1 1.0–1.2 2 478 461 1.0 1.0–1.1 3
Kidney 31 29 1.1 0.7–1.5 0.3 83 82 1.0 0.8–1.2 0.5
Bladder 32 41 0.8 0.5–1.1 0.3 131 128 1.0 0.9–1.2 0.7
Soft-tissue sarcoma 8 6 1.4 0.6–2.8 0.07 20 17 1.2 0.7–1.8 0.1
Non-Hodgkin lymphoma 37 38 1.0 0.7–1.4 0.3 118 108 1.1 0.9–1.3 0.7
Hodgkin lymphoma 2 2 0.9 0.1–3.1 0.02 3 4 0.7 0.1–2.0 0.02
Multiple myeloma 13 12 1.1 0.6–1.8 0.1 36 41 0.9 0.6–1.2 0.2
Leukemia 17 18 1.0 0.6–1.5 0.2 60 58 1.0 0.8–1.3 0.3
Melanoma 38 36 1.1 0.8–1.5 0.4 105 87 1.2 1.0–1.5 0.6
Basalioma 306 246 1.2 1.1–1.4 a 3 913 878 1.0 1.0–1.1 5

Obs: observed number of cancer cases; Exp: expected number of cancer cases based on cancer incidence in the compa-
rable Finnish population; SIR: standardized incidence ratio; CI: confi dence interval; % of cancer: the percentage of patients 
diagnosed with a certain cancer during the follow-up.
a p < 0.001 
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risk for systemic tumors is not elevated after MoM THA (Case 
et al. 1996, Pandit et al. 2008, Ollivere et al. 2009, Langton 
et al. 2010). Our fi ndings are in line with these studies. Sar-
hadi et al. (2015) studied DNA extracted from periprosthetic 
tissues of 20 MoM patients undergoing hip revision surgery 
because of ALTR. They found genetic alterations in 6 patients 
and a liposarcoma in 1 patient. 

In our previous short-term follow-up study of this same study 
population the risk of soft-tissue sarcomas was elevated in the 
MoM group compared twith the non-MoM-group (Mäkelä et 
al. 2014). Furthermore, in that study all sarcomas were diag-
nosed during the last 4 years of the follow-up, raising a con-
cern that during longer follow-up soft-tissue sarcomas might 
be overrepresented in the MoM cohort and that there might be 
a causative relationship between metal wear debris and soft-
tissue sarcomas. However, in the current study only 1 addi-
tional soft tissue sarcoma was observed during the additional 
follow-up years 2012–14, and the incidence was similar in 
the MoM patient population compared with the general Finn-
ish population and similar to the risk in the non-MoM group. 
Nonetheless, the overall number of sarcomas is small and we 
plan to report further follow-up. To our knowledge, there are 
no other studies reporting increased incidence of soft-tissue 
sarcomas in patients treated with metal-on-metal hip implants. 

Incidence of basalioma was higher in the MoM cohort than 
in the non-MoM cohort and also increased when compared 
with the Finnish population. A similar fi nding has previously 
been reported only with conventional total hip replacements 
(Brewster et al. 2013). The majority of the previous studies on 
MoM hip implants either exclude non-melanoma skin cancer 
or include basaliomas in the category of other skin cancers 
and the data on basalioma incidence in patients treated with 
MoM implants is limited (Visuri et al. 2006, Smith et al. 2012, 
Lalmohamed et al. 2013). Due to its benign nature, basalioma 
is traditionally not included in the offi cial national cancer sta-
tistics. In Finland only the fi rst basalioma for each person is 
recorded in the Finnish Cancer Registry (Pukkala et al. 2018). 
This may bias our results since patients treated with HRA 
are generally younger than patients treated with conventional 
THA, and it may therefore be more likely for them to be diag-
nosed with basalioma for the fi rst time during our follow-up. 

We found that the incidence of skin melanoma was not ele-
vated in the MoM cohort compared with the general Finnish 
population. Earlier studies have found confl icting evidence 
concerning conventional non-MoM THAs’ association with 
melanoma incidence. Some studies have reported higher mel-
anoma incidence in patients treated with non-MoM implants 
than in the general population (Nyrén et al. 1995, Olsen et al. 
1999, Visuri et al. 2003, 2006) while others have found no dif-
ference (Visuri et al. 2010, Levasic et al. 2018). No increase 
in the risk of melanoma was found for patients treated with a 
MoM resurfacing device (Brewster et al. 2013). 

The study by Brewster et al. (2013) found an increased risk 
of multiple myeloma and other immunoproliferative neo-

plasms in THA patients during the fi rst 4 years after arthro-
plasty. However, their study did not differentiate MoM bear-
ings from other types of bearings and the study also included 
patients with rheumatic conditions, which are known to 
increase the risk of immunoproliferative neoplasms (Isomäki 
et al. 1978). Our study found no excess risk of myeloma in the 
MoM hip implant patients.

We acknowledge that our study has several limitations. 
First, as with all registry-based studies there is a possibility 
of a selection bias. Registry-based studies have the advantage 
of reporting results from a large patient group and reporting 
so-called “real world data” but the disadvantage of possible 
confounding by indication (Freemantle et al. 2013). That is, 
the patients selected for THA or HRA may be for example 
healthier than the average population. Ideally this could be 
avoided by randomized controlled studies. Second, we did not 
have any blood metal ion measurements or imaging fi ndings 
of the patients. It is theoretically possible that higher cancer 
risk might be associated with higher ion levels and our study 
is not able to detect such a subgroup. However, the fi ndings 
of the meta-analysis by Christian et al. (2014) suggest that 
the concentrations and doses of Co/Cr required to induce a 
genotoxic or tumorigenic outcome are much higher than the 
systemic Co/Cr concentrations typically present in MoM 
hip implant patients. Third, even though our follow-up time 
now reaches the midterm point, genetic alterations might still 
happen or manifest later. In a recent meta-analysis Pijls et al. 
(2016) reported a higher risk of mortality in patients with MoM 
THA compared with patients with non-MoM THA when the 
follow-up exceeded 10 years. No difference was noted with 
shorter follow-up. Considering this we plan to report long-
term results from this same population.

In summary, patients treated with MoM hip implants had 
a comparable cancer risk to patients treated with non-MoM 
hip implants and the general Finnish population. They did not 
have increased risk for soft-tissue sarcoma or skin melanoma. 
Only the incidence for basalioma was increased in the MoM 
cohort compared with the non-MoM cohort and compared 
with the general population. 
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and results and to the preparation of the manuscript. All authors read and 
approved the fi nal manuscript.

Acta thanks Bart G Pijls and other anonymous reviewers for help with peer 
review of this study. 

AOANJRR. Annual Report 2016. AOANJRR; 2016. 

Bonassi S, Hagmar L, Strömberg U, Huici Montagud A, Tinnerberg H, Forni 
A, Heikkilä P, Wanders S, Wilhardt P, Hansteen I L, Knudsen L E, Norppa 
H. Chromosomal aberrations in lymphocytes predict human cancer inde-
pendently of exposure to carcinogens. Cancer Res 2000; 60(6): 1619-25. 



Acta Orthopaedica 2018; 89 (x): x–x 5

Brewster D H, Stockton D L, Reekie A, Ashcroft G P, Howie C R, Porter D 
E, Black R J. Risk of cancer following primary total hip replacement or 
primary resurfacing arthroplasty of the hip: a retrospective cohort study in 
Scotland. Br J Cancer 2013; 108(9): 1883-90. 

Case C P, Langkamer V G, James C, Palmer M R, Kemp A J, Heap P F, Solo-
mon L. Widespread dissemination of metal debris from implants. J Bone 
Joint Surg Br 1994; 76(5): 701-12. 

Case C P, Langkamer V G, Howell R T, Webb J, Standen G, Palmer M, Kemp 
A, Learmonth I D. Preliminary observations on possible premalignant 
changes in bone marrow adjacent to worn total hip arthroplasty implants. 
Clin Orthop Relat Res 1996; (329 Suppl): S269-79. 

Christian W V, Oliver L D, Paustenbach D J, Kreider M L, Finley B L. Toxi-
cology-based cancer causation analysis of CoCr-containing hip implants: a 
quantitative assessment of genotoxicity and tumorigenicity studies. J Appl 
Toxicol 2014: 939-67. 

Daley B, Doherty A T, Fairman B, Case C P. Wear debris from hip or knee 
replacements causes chromosomal damage in human cells in tissue culture. 
J Bone Joint Surg Br 2004; 86(4): 598-606. 

FAR. The Finnish Arthroplasty Register (FAR). 

Freemantle N, Marston L, Walters K, Wood J, Reynolds M R, Petersen I. 
Making inferences on treatment effects from real world data: propensity 
scores, confounding by indication, and other perils for the unwary in obser-
vational research. BMJ 2013; 347: f6409. 

Isomäki H A, Hakulinen T, Joutsenlahti U. Excess risk of lymphomas, leu-
kemia and myeloma in patients with rheumatoid arthritis. J Chronic Dis 
1978; 31(11): 691-6. 

Lalmohamed W, MacGregor AJ , de Vries F, Leufkens H, van Staa T. Patterns 
of risk of cancer in patients with metal-on-metal hip replacements versus 
other bearing surface types: a record linkage study between a prospective 
joint registry and general practice electronic health records in England. 
PLoS One 2013; 8(7): e65891. 

Langton D J, Jameson S S, Joyce T J, Hallab N J, Natu S, Nargol V F. Early 
failure of metal-on-metal bearings in hip resurfacing and large-diameter 
total hip replacement: a consequence of excess wear. J Bone Joint Surg Br 
2010; 92(1): 38-46. 

Levasic V, Milosev I, Zadnik V. Risk of cancer after primary total hip replace-
ment: the infl uence of bearings, cementation and the material of the stem. 
Acta Orthop 2018; 89(2): 234-9. 

Mäkelä K T, Visuri T, Pulkkinen P, Eskelinen A, Remes V, Virolainen P, Jun-
nila M, Pukkala E. Risk of cancer with metal-on-metal hip replacements: 
population based study. BMJ 2012; 345: e4646.

Mäkelä K T, Visuri T, Pulkkinen P, Eskelinen A, Remes V, Virolainen P, 
Junnila M, Pukkala E. Cancer incidence and cause-specifi c mortality in 
patients with metal-on-metal hip replacements in Finland. Acta Orthop 
2014; 85(1): 32-8. 

NJR. NJR 13th Annual Report. NJR 2016. 

Nyrén O, McLaughlin J K, Gridley G, Ekbom A, Johnell O, Fraumeni J F, 
Adami H O. Cancer risk after hip replacement with metal implants: a popu-
lation-based cohort study in Sweden. J Natl Cancer Inst 1995; 87(1): 28-33. 

Ollivere B, Darrah C, Barker T, Nolan J, Porteous M J. Early clinical failure of 
the Birmingham metal-on-metal hip resurfacing is associated with metal-
losis and soft-tissue necrosis. J Bone Joint Surg Br 2009; 91(8): 1025-30. 

Olsen J H, McLaughlin J K, Nyrén O, Mellemkjaer L, Lipworth L, Blot W J, 
Fraumeni J F. Hip and knee implantations among patients with osteoarthri-
tis and risk of cancer: a record-linkage study from Denmark. Int J Cancer 
1999; 81(5): 719-22. 

Onega T, Baron J, MacKenzie T. Cancer after total joint arthroplasty: a meta-
analysis. Cancer Epidemiol Biomarkers Prev 2006; 15(8): 1532-7. 

Pandit H, Glyn-Jones S, McLardy-Smith P, Gundle R, Whitwell D, Gibbons C 
L M, Ostlere S, Athanasou N, Gill H S, Murray D W. Pseudotumours asso-
ciated with metal-on-metal hip resurfacings. J Bone Joint Surg Br 2008; 
90(7): 847-51. 

Pastides P S, Dodd M, Sarraf K M, Willis-Owen C A. Trunnionosis: a pain in 
the neck. World J Orthop 2013; 4(4): 161-6. 

Pijls B G, Meessen J M T A, Schoones J W, Fiocco M, van der Heide H J L, 
Sedrakyan A, Nelissen R G H H. Increased mortality in metal-on-metal 
versus non-metal-on-metal primary total hip arthroplasty at 10 years and 
longer follow-up: a systematic review and meta-analysis. PLoS One 2016; 
11(6): e0156051 

Polyzois I, Nikolopoulos D, Michos I, Patsouris E, Theocharis S. Local and 
systemic toxicity of nanoscale debris particles in total hip arthroplasty. J 
Appl Toxicol 2012; 32(4): 255-69. 

Pukkala E, Engholm G, Hojsgaard Schmidt L, Storm H, Khan S, Lambe M, 
Pettersson D, Olafsdottir E, Tryggvadottir L, Hakanen T, Malila N, Vir-
tanen A, Johannesen T, Laronningen S, Ursin G. Nordic Cancer Registries: 
an overview of their procedures and data comparability. Acta Oncol 2018; 
57(4): 440-55.

Sarhadi V K, Parkkinen J, Reito A, Nieminen J, Porkka N, Wirtanen T, 
Laitinen M, Eskelinen A, Knuutila S. Genetic alterations in periprosthetic 
soft-tissue masses from patients with metal-on-metal hip replacement. 
Mutat Res 2015; 781: 1-6. 

Shea K G, Lundeen G A, Bloebaum R D, Bachus K N, Zou L. Lymphoreticu-
lar dissemination of metal particles after primary joint replacements. Clin 
Orthop Relat Res 1997; (338): 219-26. 

Shimmin A J, Back D. Femoral neck fractures following Birmingham hip 
resurfacing: a national review of 50 cases. J Bone Joint Surg Br 2005; 87: 
463-4. 

Smith A J, Dieppe P, Porter M, Blom A W; National Joint Registry of Eng-
land and Wales. Risk of cancer in fi rst seven years after metal-on-metal hip 
replacement compared with other bearings and general population: linkage 
study between the National Joint Registry of England and Wales and hos-
pital episode statistics. BMJ 2012; 344: e2383. 

Teppo L, Pukkala E, Lehtonen M. Data quality and quality control of a pop-
ulation-based cancer registry: experience in Finland. Acta Oncol 1994; 
33(4): 365-9. 

Urban R M, Jacobs J J, Tomlinson M J, Gavrilovic J, Black J, Peoc’h M. 
Dissemination of wear particles to the liver, spleen, and abdominal lymph 
nodes of patients with hip or knee replacement. J Bone Joint Surg Am 
2000; 82(4): 457-76. 

Visuri T, Pukkala E, Paavolainen P, Pulkkinen P, Riska EB. Cancer risk after 
metal on metal and polyethylene on metal total hip arthroplasty. Clin 
Orthop Relat Res 1996; (329 Suppl): S280-9. 

Visuri T, Pukkala E, Pulkkinen P, Paavolainen P. Decreased cancer risk in 
patients who have been operated on with total hip and knee arthroplasty for 
primary osteoarthrosis: a meta-analysis of 6 Nordic cohorts with 73,000 
patients. Acta Orthop Scand 2003; 74(3): 351-60. 

Visuri T, Pulkkinen P, Paavolainen P. Malignant tumors at the site of total hip 
prosthesis. analytic review of 46 cases. J Arthroplasty 2006: 311-23. 

Visuri T, Pulkkinen P, Paavolainen P, Pukkala E. Cancer risk is not increased 
after conventional hip arthroplasty: a nationwide study from the Finnish 
Arthroplasty Register with follow-up of 24,636 patients for a mean of 13 
years. Acta Orthop 2010; 81(1): 77-81. 


