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Abstract

Introduction The incidence and natural course of pseu-

dotumors in metal-on-metal total hip arthroplasties is

largely unknown. The objective of this study was to iden-

tify the true incidence and risk factors of pseudotumor

formation in large head metal-on-metal total hip

arthroplasties.

Materials and methods Incidence, time course and risk

factors for pseudotumor formation were analysed after

large femoral head MoM-THA. We defined a pseudotumor

as a (semi-)solid or cystic peri-prosthetic soft-tissue mass

with a diameter C2 cm that could not be attributed to in-

fection, malignancy, bursa or scar tissue. All patients

treated in our clinic with MoM-THA’s were contacted. CT

scan, metal ions and X-rays were obtained. Symptoms were

recorded.

Results After median follow-up of 3 years, 706 hips were

screened in 626 patients. There were 228 pseudotumors

(32.3 %) in 219 patients (35.0 %). Pseudotumor formation

significantly increased after prolonged follow-up. Seventy-

six hips (10.8 %) were revised in 73 patients (11.7 %),

independent risk factors were identified. Best cutoff point

for cobalt and chromium was 4 lg/l (68 and 77 nmol/l).

Conclusions This study confirms a high incidence of

pseudotumors, dramatically increasing after prolonged

follow-up. Risk factors for pseudotumors are of limited

importance. Pain was the strongest predictor for pseudo-

tumor presence; cobalt chromium and swelling were con-

sidered poor predictors. Cross-sectional imaging is the

main screening tool during follow-up.

Keywords Metal-on-metal � Total hip arthroplasty �
Pseudotumor

Introduction

Large head metal-on-metal (MoM) bearings for total hip

arthroplasty (THA) have purported advantages over

conventional articulations such as lower wear rates, in-

creased range of motion and increased stability which

have made them a popular solution in the young and

active patient with osteoarthritis of the hip [1, 2].

Although good clinical results and survival have been

reported at medium-term follow-up [3], serious adverse

reactions to metal debris (ARMD) leading to early fail-

ure and the formation of pseudotumors as well as sys-

temic toxicity of increased systemic levels of chromium

(Cr) and cobalt (Co) have been described [4–6]. Since

B. H. Bosker (&)

pc Hoofdstraat 13, 8023, AJ, Zwolle, The Netherlands

e-mail: Bosker.bh@gmail.com; b.h.bosker@isala.nl

H. B. Ettema � M. van Rossum � M. F. Boomsma �
B. J. Kollen � C. C. P. M. Verheyen

Dokter van Heesweg 2, 8025, AB, Zwolle, The Netherlands

e-mail: h.b.ettema@isala.nl

M. van Rossum

e-mail: loezzie2000@hotmail.com

M. F. Boomsma

e-mail: m.f.boomsma@isala.nl

B. J. Kollen

e-mail: b.j.kollen@umcg.nl

C. C. P. M. Verheyen

e-mail: c.c.p.m.verheyen@isala.nl

M. Maas

Academic Medical Centre, Meibergdreef 9,

1105, AZ, Amsterdam, The Netherlands

e-mail: m.maas@amc.uva.nl

123

Arch Orthop Trauma Surg (2015) 135:417–425

DOI 10.1007/s00402-015-2165-2



2010, metal-on-metal hip articulations have been on in-

creased scrutiny from governmental regulatory agencies

and national and international societies leading to alerts,

advices and post marketing surveillance up to outright

discontinuation of metal-on-metal devices [7–9]. Metal

debris is thought to be generated by the articulation and/

or the taper adapter interface depending on the model of

prosthesis used. The exact mechanism of local and sys-

temic metal release is yet not fully understood. Pseu-

dotumors can be granulomatous or cystic lesions, neither

infective nor neoplastic, which develop in the vicinity of

the total hip arthroplasty. They can be large or small in

size with or without communication to the joint. The

lesion is supposedly progressive. It can cause pain,

swelling, pressure effects, subluxation, bone and soft-

tissue destruction and can as well be asymptomatic.

Revision arthroplasty is advised in case of symptoms

and/or tissue destruction [10]. We previously reported on

a smaller prospectively followed subset of our patients

and found a very high incidence of pseudotumors [6]. In

the present study, we applied a comprehensive screening

protocol to all our patients to confirm the high incidence

of pseudotumors and identify risk factors for pseudotu-

mor formation. The time course of pseudotumor forma-

tion and revision rate due to ARMD was assessed.

Finally, we aimed to establish an optimal cutoff point for

metal ion blood levels as a predictor for presence of

local tissue reactions in patients treated with large head

metal-on-metal total hip arthroplasty.

Materials and methods

From January 2005 to July 2010 a Bi-Metric porous-coated

uncemented stem with a metal-on-metal M2a-Magnum

femoral head and ReCap acetabular component (Biomet,

Warsaw, Indiana) was used in our facility. It was applied in

relatively young and active patients, accounting for about

15 % of all our THAs in that period.

We performed a retrospective study on a prospective

cohort to identify the incidence and risk factors of pseu-

dotumors in patients treated with large-diameter modular

MoM total hip prostheses.

Implant details

A large-diameter modular MoM prosthesis of a single de-

sign was used in all cases. The M2a Magnum bearing ar-

ticulation consists of a monoblock press-fit cobalt chrome

molybdenum cup articulating against a cobalt chrome

molybdenum head, which is mounted on the stem taper

(12/14) via a taper adapter. The head and acetabular

component is high-carbon, as-cast (single heated)

components. The system is modular, with increasing head

size and concomitant larger shell size and the option to

adapt the neck length using different length taper adaptors.

The stem, taper and taper adapter are made of a titanium,

aluminium and vanadium alloy (Ti6Al4V). The radial

clearance level of the M2a-Magnum articulation is main-

tained at 75–150 lm [11]. The acetabular component is

6 mm thick at the dome and approximately 3 mm at the

rim.

Patients

After obtaining ethical approval (IRB Isala Clinics Zwolle,

2010), all patients treated with the implant were contacted

and invited for in-hospital screening. This study population

includes the prospective subset of 120 patients screened in

2010 of which we have reported in a previous publication

[6]. All other patients were screened for the presence of a

pseudotumor in 2011. The latest clinical (revision) follow-

up extends to April 2013.

Methods

Patients were questioned about symptoms in the groin,

buttock, thigh and leg, such as pain, swelling, discomfort,

numbness, and sensations of subluxation and clicking.

Pain was also recorded on a visual analogue scale (VAS)

ranging from no pain (0) to extreme pain [10]. Patients

were questioned about their use of vitamin supplements

and possible history of allergies. All patients underwent

pelvic (pubis centred) and hip (both hip and axially cen-

tred) radiographs. The angle of inclination of the ac-

etabular component and centre line–edge distance

(wedge, covering distance) was assessed. In addition,

each patient underwent CT evaluation of the pelvis and

knee to detect periarticular masses. The pseudotumors

were measured on a calibrated scale, and the maximum

diameter was recorded. Anteversion of the femoral com-

ponent relative to the retrocondylar axis of the knee and

anteversion of the acetabular component was measured.

Two radiologists (MFB, MM) independently evaluated all

CT scans for the presence of pseudotumor, obtaining

consensus when results did not match. We defined a

pseudotumor as a (semi-)solid or cystic peri-prosthetic

soft-tissue mass with a diameter C2 cm that could not be

attributed to infection, malignancy, bursa or scar tissue

[6]. Laboratory analysis with atomic mass absorption

spectrometry of whole blood levels of cobalt and

chromium ions was performed at the time of CT evalua-

tion. Blood samples were collected according to recent

guidelines [12]. Serum levels of leucocytes, ESR, CRP,

creatinine and urea were also analysed to screen for in-

fection and renal impairment.
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Statistical analysis

Analyses of survival included the computation of hazard

ratios and the estimation of survival functions. Kaplan–

Meyer procedure was used to estimate survival curves.

Based on a backward selection procedure, Cox propor-

tional hazards regression analysis was conducted to iden-

tify significant risk factors for pseudotumor and revision

(p in/out = 0.05).

Differences in follow-up time were tested using Mann–

Whitney U test. Pearson correlation coefficients were used

for collinearity analyses. Receiver Operating Characteris-

tics (ROC) curves were constructed to define the best

cutoff point for blood levels with the highest cumulative

sensitivity and specificity of cobalt and chromium. A two-

sided p value \0.05 was considered to be significant.

Results

From January 2005 to July 2010, a total of 643 patients

were treated with 723 MoM total hip arthroplasties. At the

time of CT-follow-up, 5 patients had died and 12 patients

refused further follow-up (3 were terminally ill, 9 for other

reasons). A total of 626 patients with 706 hips were

available for review. Of these patients, 15 were not eligible

for follow-up because hip revision surgery had already

been performed. Metal ion levels were not obtained in

these and two additional patients. The trial profile is shown

in Fig. 1.

Patient and implant characteristics with bivariate risk

factor analyses for pseudotumor formation are shown in

Table 1.

There were 228 pseudotumors (32.3 %) in 219 patients

(35.0 %). The median follow-up of the entire cohort was

3.0 (0.3–6.1) years where CT scan indicated the end of

follow-up. When a pseudotumor was present, follow-up

was significantly longer (median 3.5 versus 2.8 years,

p \ 0.01).

The median of the largest diameter was 5.4 cm

(2.0–12.9 cm). Pseudotumor size was 2–4 cm (n = 35,

15.5 %), 4–8 cm (n = 154, 68.1 %) or 8 cm and more

(n = 37, 16.4 %). Distribution of size is further illustrated

in Fig. 2.

Tumour location correlated significantly to surgical ap-

proach (p \ 0.01, Table 2).

Seventy-six hips (10.8 %) have been revised in 73 pa-

tients (11.7 %) after a median period of 5.3 (1.0–8.3) years.

Kaplan–Meyer plots for estimating survival are shown

in Fig. 3a (pseudotumor-free survival) and 3b (revision-

free survival).

Multivariate risk factor analyses identified the following

independent risk factors for the presence of a pseudotumor:

pain, cobalt C4 lg/l (68 nmol/l), and swelling (Table 3).

No clear relation between acetabular component orien-

tation and pseudotumor formation could be observed

Fig. 1 Trial profile
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Table 1 Patient characteristics and implant characteristics

Total n = 706 Pseudotumor n = 228 No pseudotumor n = 478 p value

Patient characteristics

Patients

Men 315 (45 %) 81 (36 %) 234(49 %) \0.01

Women 391 (55 %) 147 (64 %) 244 (51 %)

Side right 390 (55 %) 132 (58 %) 258 (54 %) 0.35

Bilateral MoM 160 (23 %) 51 (22 %) 109 (23 %) 0.82

Approach

Anterolateral 168 (24 %) 65 (29 %) 103 (22 %) 0.17

Posterolateral 538 (76 %) 163 (71 %) 375 (78 %)

Mean age at follow-up/years (range) 62 (21 to 79) 63 (21 to 79) 62 (42 to 74) 0.49

Mean BMI (range) 27.8 (18 to 46) 27.7 (18 to 45) 27.8 (18 to 46) 0.91

Median follow-up 3.0 (0.3 to 6.1) 3.5 (0.6 to 6.1) 2.8 (0.3 to 5.5) \0.01

Symptoms

Swelling 18 (3 %) 13 (6 %) 5 (1 %) \0.01

Groin pain 178 (25 %) 94 (41 %) 84 (18 %) \0.01

Clicking sensations 158 (23 %) 69 (30 %) 90 (19 %) \0.01

Allergy, n (%)

To antibiotics 44 (6 %) 16 (7 %) 28 (6 %) 0.27

To nickel 39 (6 %) 18 (8 %) 21 (4 %) 0.26

Vitamin supplements 63 (9 %) 20 (9 %) 43 (9 %) 0.56

Renal failure 18 (2.5 %) 5 (2.2 %) 13 (2.7 %) 0.62

Mean blood co/lg/l (range) 6.6 (0.3 to 176.8) 11.0 (0.8 to 176.8) 4.5 (0.3 to 153.2) \0.01

(nmol/l) 112 (5 to 3,000) 187 (14 to 3,000) 76 (5 to 2,600) \0.01

\4 (\68 nmol/l) 422 (61 %) 97 (43 %) 325 (70 %)

C4 (C68 nmol/l) 270 (39 %) 130 (57 %) 140 (30 %)

Mean blood cr/lg/l (range) 5.9 (0.2 to 93.6) 8.7 (0.3 to 93.6) 4.5 (0.2 to 89.7) \0.01

(nmol/l) 113 (4 to 1,800) 167 (6 to 1,800) 87 (4 to 1,724)

Mean Visual analogue Scale (VAS) for pain (range) 1.2 (0 to 9) 1.7 (0 to 9) 1.0 (0 to 9) \0.01

Implant characteristics

Mean femoral head diameter/mm (range) 47.0 (36 to 58) 47.0 (38 to 58) 47.0 (36 to 56) 0.62

B46 mm 374 (53 %) 118 (52 %) 256 (54 %) 0.56

[46 mm 332 (47 %) 110 (48 %) 222 (46 %)

Mean hip centre line-edge distance/mm (range) 16.6 (7 to 25) 16.6 (10 to 24) 16.6 (7 to 25) 0.02

Mean inclination acetabulum/� (range) 47.8 (18 to 80) 47.5 (22 to 72) 48.0 (18 to 80) 0.04

B45� 258 (37 %) 83 (36 %) 175 (37 %) 0.18

[45� 448 (63 %) 145 (64 %) 303 (63 %) 0.04

B50� 401 (57 %) 135 (59 %) 266 (56 %)

[50� 305 (43 %) 93 (41 %) 212 (44 %)

Mean anteversion acetabular component/� (range) 12.5 (-17 to 45) 13.4 (-17 to 43) 12.1 (-17 to 45) 0.08

0–20� 518 (77 %) 154 (69 %) 364 (80 %) 0.04

\0 or[20� 159 (23 %) 70 (31 %) 89 (20 %)

Mean anteversion femoral component/� (range) 11.5 (-22 to 51) 10.7 (-22 to 36) 11.9 (-22 to 45) 0.83

0–20� 471 (70 %) 162 (72 %) 309 (69 %) 0.87

\0 or [20� 204 (30 %) 62 (28 %) 142 (31 %)

Mean combined anteversion/� (range) 23.9 (-29 to 73) 24.0 (-29 to 72) 23.8 (-9 to73) 0.22

20–40� 346 (52 %) 113 (51 %) 233 (53 %) 0.84

\20 or [40� 316 (48 %) 109 (49 %) 207 (47 %)
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(Fig. 4) or between pseudotumor formation and component

size. Collinearity analysis revealed that cobalt and

chromium levels were highly associated (Pearson’s

r = 0.932, p \ 0.01). We found 4 lg/l (68 and 77 nmol/l)

to be the ‘‘best’’ cutoff point for cobalt and chromium

(sensitivity 57.1 and 54.6 %, specificity 70.6 and 65.8 %,

Table 4).

Discussion

This study shows a dramatic increase of pseudotumors in

patients treated with large head metal-on-metal total hip

arthroplasties after prolonged follow-up. Pain was the

strongest independent predictor for pseudotumor presence,

followed by clinical swelling and cobalt C4 lg/l (68 nmol/

l). Associated risk factors for pseudotumor formation,

however, seem of limited importance leaving cross-sec-

tional imaging as the main screening tool during follow-up.

Study population

The high incidence of pseudotumors in our study might be

explained by the study population. Patients examined were

both symptomatic and asymptomatic. The generally lower

incidence reported in literature is mostly based on

symptomatic patients only [13–15]. A more comparable

incidence (25–61 %) is found in similar studies investigating

both asymptomatic and symptomatic patients [16–18].

Fig. 2 Distribution of pseudotumor size

Table 2 Relation between surgical approach and tumour location in

perspective to the hip joint

Tumour location Surgical approach Total

Direct lateral Posterolateral

Anterior 38 13 51

Posterolateral 10 74 84

Inferomedial 12 67 79

Cranial 5 7 12

Total 65 161 226

Fig. 3 a Pseudotumor-free survival at CT follow-up (Kaplan–Meier

plot). b Revision-free survival (Kaplan–Meier plot)

Table 3 Significant risk factors for pseudotumor presence after

multivariate cox regression analysis

Risk factor Hazard ratio 95 % Confidence interval p value

Pain 2.01 1.51–2.67 \0.01

Cobalt C4 1.36 1.03–1.80 0.03

Swelling 1.82 1.02–3.27 0.04
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Implant design

Implant design potentially influences pseudotumor inci-

dence. Various models of metal-on-metal THAs generate

different amounts of wear probably influencing the occur-

rence of metal debris-associated problems. A large modular

femoral head (C36 mm), as used in our patients is con-

sidered to be a risk factor for developing ARMD [2].

Pseudotumor

The definition of a pseudotumor, as stated in our study,

might contribute to the high incidence. We believe that a

lesion as small as 2 cm in diameter that cannot be

explained by other causes, can be accurately diagnosed on

CT as a pseudotumor [6]. Most pseudotumors in our study

were considerably larger, measured by their maximum

diameter and not in volume. Although associated with

implant failure, the clinical relevance of the asymptomatic

lesions, especially the smaller ones, is still subject to dis-

cussion. Longer follow-up of these smaller lesions is

needed [17].

Imaging techniques

CT was used as a screening instrument. We believe that

CT, despite scattering artifacts caused by the large metal

implant, provides adequate diagnostic images with the

added benefit that it allows measurement of component

orientation [19]. A CT scan is less expensive and more

readily available than metal artifact reduction scanning

(MARS) MRI. CT scanning was preferred over ultrasound

(US) because of the more limited interobserver bias.

In accordance to our study, several authors found that

patients with pseudotumors often present with pain or

discomfort [10, 20]. One study found that the first clinical

sign of a pseudotumor was usually pain, which led to ra-

diographic examination and detection of lesions around the

prosthetic stem [21]. Other studies have identified oste-

olytic areas as a precursor to pseudotumors [22]. Osteolysis

was much more frequently found on CT scans than on

X-rays in our study, adding a possible additional benefit to

CT as a screening device.

Risk factors

Associations of cup malposition with increased release of

metal wear debris [23–25] and with increased component

wear rates and pseudotumor formation have been reported

[26, 27]. Cup position in our study, however, could not be

pointed out as an independent risk factor. This is in line

with several other publications suggesting that pseudotu-

mors are also common in patients with asymptomatic

Fig. 4 Scatter plot showing acetabular component orientation for

patients with and without pseudotumor

Table 4 Sensitivity and specificity of cobalt and chromium as a predictor for pseudotumor presence

Cobalt Chromium

Cutoff lg/l (nmol/l) Sensitivity (%) Specificity (%) Cutoff lg/l (nmol/l) Sensitivity (%) Specificity (%)

1.0 (17) 97.7 11.0 1.0 (19) 91.6 14.9

2.0 (34) 83.5 39.5 2.0 (38) 79.3 36.3

3.0 (51) 68.3 58.6 3.0 (58) 64.2 53.4

4.0 (68) 57.1 70.6 4.0 (77) 54.6 65.8

5.0 (85) 44.3 79.6 5.0 (96) 44.8 73.9

6.0 (102) 35.3 85.1 6.0 (115) 38.8 79.4

7.0 (119) 31.8 87.5 7.0 (135) 33.7 84.1

8.0 (136) 28.6 89.0 8.0 (154) 29.7 78.4
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MoM-THA [28] and in patients with low metal ion levels

and a well-positioned cup [29, 30]. A substantial fraction of

our acetabular components was placed outside Lewinnek’s

safe zone. This is in line with literature on free hand cup

positioning [31]. Furthermore, in different ranges for

combined anteversion (cup plus stem) a risk factor could

not be identified. This and the comparable results of similar

studies [29, 30] might indicate that orientation of compo-

nents plays a less important role in pseudotumor formation

than previously suggested.

Several other risk factors for pseudotumors, as described

in literature (female gender, swelling, clicking sensations

and femoral head size), [27, 32] could not be confirmed as

an independent risk factor for developing a pseudotumor in

our multivariate analysis.

To the best of our knowledge, a relation between

pseudotumor location and surgical approach has not pre-

viously been reported in literature. The pseudotumors seem

to follow the route of the chosen surgical approach, pos-

sibly due to decreased tissue resistance caused by the for-

mer dissection. The Kaplan–Meyer plot for pseudotumor

formation demonstrates that most of our patients will de-

velop a pseudotumor. Obviously, since the Kaplan–Meyer

plot is an estimation based on patients with a broad range

of follow-up, the actual increase in the incidence of de-

tectable pseudotumors has to be confirmed in a future

follow-up of our cohort of patients.

Revisions

The revision rate in our series was 10.8 % at a median

follow-up of 5.3 years, increasing over time. Pain com-

bined with the presence of a pseudotumor on CT was the

main indication.

Early detection of pseudotumors is important because it

is generally agreed that if revision surgery is performed in

patients before substantial soft-tissue damage has occurred,

the outcome is likely to be better [33]. If substantial tissue

damage has already occurred, then revision surgery is as-

sociated with poor function and more complications [34].

Metal ions

Whole blood cobalt and chromium levels were mutually

related. Although metal ions were on average higher when

a pseudotumor was present, they are poor predictors (sen-

sitivity 57.1 and 54.6 %, specificity 70.6 and 65.8 %).

We tried to identify if there was a value of blood metal

ions below which the presence of a pseudotumor was un-

likely. A very high sensitivity would be required. For

cobalt, an appropriate threshold value would be 1 lg/l

(17 nmol/l) (sensitivity 97.7, specificity 11.0 %). Using

this threshold, cobalt would have saved the need for 47 of

609 CTs (8 %) and we would still have missed 3

pseudotumors.

Although its use for predicting the presence of a pseu-

dotumor is limited, a (sudden) increase of blood metal ions

is reported to be associated with implant failure [35].

Furthermore, several studies report about toxic effects of

prolonged elevated systemic metal ion exposure and,

therefore whole blood metal ion testing should have a place

in follow-up. Health risks that are related to chronically

elevated blood cobalt concentrations are: hypothyroidism,

polyneuropathy, impairment of cranial nerves II and VIII

and cardiomyopathy [36]. Others report concerns about

carcinogenicity, hypersensitivity and foetal exposure in

pregnant women [37–39]. Chronic exposure to low-

elevated metal concentrations in patients with MoM hip

resurfacings may have systemic effects and long-term

epidemiological studies in large populations, such as those

available through joint registries are needed [40].

Conclusion and recommendations

This study shows a very high incidence of pseudotumors in

patients treated with large head metal-on-metal total hip

arthroplasty at short-term follow-up. Time course analysis

estimates that the fair share of our patients is likely to

develop a pseudotumor in the near future. Several risk

factors for developing a pseudotumor were identified, but

their clinical relevance is limited. Cobalt and chromium are

poor predictors for pseudotumor presence, importantly pain

seems to be the most important predictor and hence further

investigations are warranted. Even in the presence of nor-

mal ion levels, imaging is considered mandatory.

We recommend an annual follow-up of all patients

subjected to a large diameter femoral head metal-on-metal

total hip arthroplasty for as long as the prosthesis is in situ.

Routine X-rays and imaging techniques like MARS MRI or

CT should be performed and probably repeated to assess

pseudotumor formation in all patients. Further research is

needed to show if and when the intensified follow-up can

be returned to a more routine schedule.
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