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Abstract

Background Metal-on-metal articulations can release

substantial amounts of particles containing cobalt and

chromium into the surrounding milieu, causing concern for

cellular toxicity and adverse local soft tissue reactions. The

diameter of the femoral head has been one of the variables

that inversely affects wear of metal-on-metal total hip

arthroplasty (THA). The oxidative stress of increased metal

ions can be measured with serum markers. It is still con-

troversial if larger femoral head diameters decrease wear

rates in patients with metal-on-metal THA and if the

increased metal ions alter the body’s antioxidant status.

Questions/purposes We therefore (1) determined whole

blood metal ions in patients with small (28 mm and

36 mm) and large (40 mm and 44 mm) diameter femoral

heads; (2) measured oxidative stress markers (total anti-

oxidants, nitrotyrosine, and peroxides); and (3) determined

whether acetabular version or inclination influenced ion

levels.

Methods One hundred four patients were retrospectively

studied. We recorded Harris hip scores and UCLA activity

scores. All patients were followed at 1 year.

Results The activity scores were similar in the two

groups. There was no difference in metal ion levels or

oxidative stress markers between patients with small- or

large-diameter femoral heads. Acetabular inclination and

anteversion had no effect on the metal ion levels.

Conclusions The data suggest there is no difference in

ion values in patients with large or small metal-on-metal

THA and the increased metal ions do not alter the oxidant

status of the patient.

Level of Evidence Level III, retrospective comparative

study. See Guidelines for Authors for a complete descrip-

tion of levels of evidence.

Introduction

Wear-induced osteolysis continues to limit the durability of

implants in THA [23]. Active patients require bearings that

can sustain prolonged loading cycles to prevent premature

implant failure [5, 39, 49]. Increased understanding of

tribology from hip-simulator studies and retrieved metal-

on-metal articulations has led to improved manufacturing

of second-generation components [12, 13]. Modern bear-

ings containing cobalt, chromium, and molybdenum alloys

are engineered with decreased surface roughness and

Each author certifies that he or she has no commercial associations

(eg, consultancies, stock ownership, equity interest, patent/licensing

arrangements, etc) that might pose a conflict of interest in connection

with the submitted article.

Each author certifies that his or her institution has approved the

human protocol for this investigation, that all investigations were

conducted in conformity with ethical principles of research, and that

informed consent for participation in the study was obtained.

This work was performed at the Division of Orthopaedic Surgery,

McGill University, SMBD-Jewish General Hospital, Montreal, QC,

Canada.

M. Bernstein, A. Walsh, A. Petit, D. J. Zukor, J. Antoniou

Division of Orthopaedic Surgery, McGill University Health

Centre, Montreal, QC, Canada

A. Walsh, A. Petit, D. J. Zukor, J. Antoniou

Lady Davis Institute for Medical Research, SMBD-Jewish

General Hospital, Montreal, QC, Canada

J. Antoniou (&)

Department of Orthopaedics, Chemin de la Côte Ste-Catherine,
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diametric bearing clearances, harder surfaces, and

increased sphericity aimed at enhancing the fluid-film

thickness to surface roughness ratio (lambda ratio) [12, 51].

This decreases frictional forces [13] and volumetric wear

rates compared with conventional metal-on-polyethylene

hip arthroplasties and has prevented seizing of the articu-

lations [1, 12, 44].

Although volumetric wear is decreased in metal-on-

metal bearings, as a result of the small-sized debris gen-

erated, these bearings can release up to 500 times more

particles than what occurs in metal-on-polyethylene artic-

ulations [21]. Metal ion production is not only a function of

wear; bearings can also release ions by passive dissolution

and galvanic corrosion. This occurs when different types of

metal are in contact, as found in the Morse taper [25, 36].

This may have long-term clinical consequences because

these bearings are frequently used in younger patients who

are more active and have longer average lifespans. In vitro

studies, linking cobalt and chromium ions with inflamma-

tion, cytotoxicity, altered lymphocyte concentrations, and

irreversible chromosomal damage, have caused concern

[11, 17, 30–32, 46]. Cobalt and chromium are unstable

transitional metals that generate the formation of reactive

oxygen species, increasing the concentration of free radi-

cals in the body and consuming the antioxidants that

neutralize them [53].

Clinical and hip simulator studies suggest metallurgy

and acetabular component positioning are important

factors in the production of metal ions and early failure

[40]. Increasing acetabular and femoral modularity [37],

acetabular abduction angles above 55� [7, 19, 29], and

smaller femoral head diameters all increase the risk of

rim contact, impingement, and edge loading [34]. Ideal

fluid-film lubrication (lambda ratio greater than 3) occurs

in articulations with identical femoral head and acetab-

ular diameters, minimal clearance, and polar contact

[44, 48]. The surface microtopography of metal compo-

nents contains asperities [12], and perfect spheres with

equal diameters cannot be consistently produced. Nev-

ertheless, congruent joints operating at lambda ratios

between one and three are feasible with larger femoral

head diameters given all other manufacturing parameters

are equal [22, 51]. Larger femoral heads above 32 mm

are often used in hip arthroplasty because of the fol-

lowing advantages: (1) increased ROM by increasing the

head-neck ratio; (2) decreasing the occurrence of

impingement; and (3) decreasing the rates of dislocation

[8, 9]. Several studies report the effects of femoral head

diameter on cobalt and chromium ion concentrations

[2, 14, 16, 24, 42, 54] but they contained relatively small

patient samples, compared femoral head diameters in hip

resurfacings, or included only femoral head diameters of

28 and 36 mm.

We therefore (1) determined whether whole blood metal

ion levels differed in patients with small (28 mm and

36 mm) and large (40 mm and 44 mm) diameter femoral

heads after metal-on-metal THA; (2) measured oxidative

stress markers (total antioxidants, nitrotyrosine, and per-

oxides) to determine if the increased metal ions altered the

body’s oxidant status; and (3) determined whether ace-

tabular version or inclination influenced ion levels.

Patients and Methods

From July 2007 to August 2008, we prospectively followed

104 patients to determine the effect of femoral head

diameter on the concentration of whole blood metal ions.

The exclusion criteria of our study were aimed at elimi-

nating confounding variables for increased metal ion

analysis including those with severe medical illness limit-

ing mobility, concurrent metal components elsewhere in

the body, infection, bilateral hip arthroplasty, and renal

insufficiency [6, 33]. We defined small femoral heads as

those with diameters of 28 and 36 mm (n = 48) and large

femoral heads as those having diameters of 40 and 44 mm

(n = 56). The groupings were chosen in part to explore the

potential advantage of femoral head sizes greater than

36 mm. Because of patient anatomy, we had few patients

in the 28-mm group. We therefore required the patients in

the 36-mm head group to serve as a comparison. Notably, it

has been previously demonstrated that metal ion concen-

trations at 1 year are similar in patients with either 28- or

36-mm femoral heads [2]. The power calculation was

performed based on a statistical power of 80%, an alpha

error level of confidence of 5%, and assuming a 10% to

15% difference in ion levels between the study groups.

Approximately 45 patients would be necessary in each

group to observe a significant difference. The mean age in

all patients at the time of the hip arthroplasty was 61 years

(range, 36–77 years). The mean age was 64 years (range,

41–77 years) and 60 years (range, 36–74 years) in patients

with a small- and large-diameter femoral heads, respec-

tively (Table 1). The most common diagnoses in the small

femoral head group were osteoarthritis (83%), develop-

mental dysplasia of the hip (8%), and avascular necrosis

(6%), whereas one patient had posttraumatic osteoarthritis

after a failed hip pinning. The most common diagnoses in

the large femoral head group were osteoarthritis (73%),

avascular necrosis (12%), revision arthroplasty (7%), and

developmental dysplasia of the hip (4%), whereas one

patient had osteoarthritis that led to hip fusion and one

patient had septic arthritis. The preoperative renal function

was normal in all patients as defined with normal preoper-

ative screening serum creatinine (range, 55–110 lmol/L).

No patients were lost to followup. Before the study,
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Institutional Review Board approval was obtained. Patients

provided informed consent at their 6-week followup before

allowing analysis of their blood and clinical data.

Implanted femoral heads were DePuy UltametTM

(DePuy, Warsaw, IN) and Metasul (Zimmer, Warsaw, IN).

Metasul is a forged, wrought, high-carbon cobalt-chrome

alloy component. The radial clearance is 75 lm and the

surface roughness is less than 0.005 lm (manufacturer’s

data; Zimmer). Ultamet is also a forged, wrought, high-

carbon cobalt-chrome alloy; radial clearance ranges from

40 to 80 lm. The surface roughness is less than or equal to

0.02 lm (manufacturer’s data; DePuy). Metasul was used

for the 28-mm femoral heads, whereas the remaining

bearings were Ultamet. The acetabular components in the

small and large head groups were similar in design, spe-

cifically in coverage arcs.

Three surgeons performed the operations using either a

posterior or direct lateral approach to the hip (Table 1). We

used either posterior or direct lateral approaches with the

patient in the lateral decubitus position. The posterior

approach was carried out with a skin incision centered at

the greater trochanter, approximately 10 cm in length. The

external rotators were removed from the greater trochanter

using electrocautery. A T-shaped posterior capsulotomy

was performed. The hip was dislocated posteriorly. After

the components were placed, the hip was reduced and

taken through the full ROM to ensure there was no

impingement or instability. The posterior capsule and

external rotators were sewn back to the greater trochanter

using nonabsorbable transosseous sutures. The lateral

approach was performed through a direct lateral incision.

The anterior two-thirds of the gluteus medius, gluteus

minimus, and an osteoperiosteal flap were removed from

the greater trochanter. The anterior hip capsule was opened

in an H-fashion. The femoral head was dislocated anteri-

orly. The trochanteric flap was reapproximated with

transosseous sutures through the greater trochanter.

Patients were evaluated at 6 weeks, 3 months, and

annually thereafter. We obtained radiographic, clinical, and

metal ion data for all patients at 12 months. Laboratory

personnel involved in data analysis were blinded to the

study protocol. The Harris hip score (HHS) [28] and the

UCLA activity score [56] were used as functional outcome

measures. The HHS at 1-year followup increased in both

the small- and large-diameter femoral head groups when

compared with preoperative values (p\0.0001) (Table 1).

However, no difference in HHS was observed when com-

paring the small- with the large-diameter femoral head

groups (p = 0.58). The UCLA activity score also increased

in both the small- and large-diameter femoral head groups

at 1 year (p\0.0001) compared with preoperative values.

Similarly, no change was observed when comparing the

UCLA activity score between the small- and large-diame-

ter femoral head groups (p = 0.19).

Two of us (AW, MB) measured acetabular inclina-

tion and anteversion on AP pelvic digital radiographs.

Measurements were performed using the Einzel-Bild-

Roentgen-Analyse software (EBRA; University of Inns-

bruck, Innsbruck, Austria), an already described and

validated method [41].

Cobalt, chromium, and molybdenum ion levels were

measured from whole blood and analyzed using induc-

tively coupled plasma-mass spectrometry (SCIEX Elan

6100 DRC ICP-MS system; PerkinElmer Instruments,

Norwalk, CT) as previously described [2, 10]. Whole

blood, and not serum, was used because it provides a more

accurate surrogate for metal ion concentration [15]. Blood

samples were collected into Sarstedt Monovette1 tubes

for trace metal analysis with 21-G needles also specific for

trace metal analysis (Sarstedt, Montreal, Quebec, Canada)

and stored at �80�C until ready for dilution and analysis.

The biologic reference standard SeroNorm Trace Elements

Whole Blood, Level 2 (Sero AS, Billingstad, Norway) was

used as a quality control sample.

Metal ions can increase the concentration of free radi-

cals, which subsequently generate products of oxidative

stress. For example, the reactive oxygen species superoxide

reacts with protein tyrosine residues to increase the con-

centration of nitrotyrosine. This molecule can then act as a

surrogate of oxidative stress in the cell [4]. Similarly, lipids

in the cellular membranes are oxidized generating lipid

peroxides that increase the total peroxide concentration.

Table 1. Patient demographics and comparative activity scores after metal-on-metal THAs

Patient characteristics Preoperative Small femoral head

(28 mm and 36 mm)

Large femoral head

(40 mm and 44 mm)

p Value

(small versus large)

Number of patients (male:female) 48 (6:42) 56 (48:8) N/A

Mean age (range) 63.8 (41–77) 59.5 (36–74) 0.003

Approach (% posterolateral:posterior) 49:51 25:75 N/A

Harris hip score (mean ± SD) 43.3 ± 11.9 84.8 ± 13.7 86.4 ± 15.0 0.58

UCLA Activity Score (mean ± SD) 3.82 ± 2.0 6.0 ± 1.6 6.4 ± 1.7 0.19

N/A = not applicable.
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As the oxidant status increases the levels of total antioxi-

dants, the chemical moieties that consume them are

decreased. The total antioxidant status (Oxford Biomedical

total antioxidant power kit, Oxford, MI), total peroxide

concentration, (Biomedica OxyStat assay; Medicorp,

Montreal, Quebec, Canada), and nitrotyrosine levels

(BIOXYTECH, Nitrotyrosine-EIA assay; OxisResearch,

Portland, OR) were measured from patients’ plasma using

a previously described technique [2].

The metal ion data and values for nitrotyrosine were

asymmetrically distributed and there was variability

between the groups. Therefore, the Kruskal-Wallis test was

used, which is a nonparametric equivalent of one-way

analysis of variance. Total antioxidant and peroxide

concentrations were symmetrically distributed and allowed

for comparison using analysis of variance (ANOVA) fol-

lowed by Fisher’s protected least significant difference

(PLSD). The HHS and UCLA activity scores were also

calculated with ANOVA followed by Fisher’s PLSD.

Correlations between the different parameters were per-

formed using the Spearman’s rank correlation coefficient.

Statistical analysis was performed using StatView (SAS

Institute, Cary, NC).

Results

At 1-year followup, the median whole blood levels of

cobalt were similar (p = 0.42) with small- and large-

diameter femoral heads (2.34 lg/L and 2.22 lg/L, respec-

tively) (Fig 1A). The median concentration of chromium

was also similar (p = 0.29) comparing the small and large

groups (0.78 lg/L and 0.51 lg/L, respectively) (Fig 1B).

There were no differences (p = 0.052) in the median

whole blood molybdenum concentrations (1.86 lg/L and

1.59 lg/L, respectively) (Fig 1C).

The levels of total antioxidants (p = 0.86), nitrotyrosine

(p = 0.22), and peroxides (p = 0.56) were similar in patients

with small and large head THA (Table 2).

We observed a higher (p = 0.009) mean acetabular

inclination in the small femoral head group compared with

that of the large femoral head group (mean 45.8� versus
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Fig. 1A–C Metal ions in

patients after THA with either

small or large femoral head

diameters are shown. (A) Whole

blood cobalt (Co), (B) chromium

(Cr), and (C) molybdenum (Mo)

ion concentrations were analyzed

at 6 months and 1 year postop-

eratively. There was no change

in metal ion values when com-

paring head diameters at each

interval.
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42.0�, respectively). The mean acetabular anteversion was

also increased (p = 0.018) in the small femoral head group

(mean 25.5� versus 20.0�) (Table 2). The acetabular

inclination was not related to the levels of cobalt, chro-

mium, and molybdenum in patients with both small and

large head THA (Table 3). The anteversion was also not

correlated with the levels of cobalt, chromium, or molyb-

denum in patients with small head THA. However, larger

anteversion increased the levels of chromium (correlation =

0.346, p = 0.017) and tended to increase the levels of

molybdenum (correlation = 0.281, p = 0.075) (Table 3).

Finally, the surgical approach (direct lateral versus pos-

terior; p = 0.11, 0.15, 0.13 for Co, Cr, and Mo,

respectively) and the type of stem (p = 0.16, 0.25, and 0.40

for Co, Cr, and Mo, respectively, with Prodigy stem; p =

0.83, 0.13, and 0.75 for Co, Cr, and Mo, respectively, with

the other stems) did not influence the levels of metal ions in

patients with both small and large head THA. However,

all outlier measurements, arbitrarily fixed at more than

10 lg/L of cobalt, were in patients who had their surgery

performed through a posterior approach. Also, the con-

centrations of cobalt ions in the small head outlier group

(three patients; maximum of 19 lg/L) were lower than

those observed in patients with large head THA (eight

patients; three patients over 40 lg/L).

Discussion

Hard-on-hard bearings such as those composed of cobalt,

chromium, and molybdenum are promoted to increase

implant longevity by decreasing volumetric wear rates

[1, 12, 44]. This is an attractive surgical option for use in

younger, more active patients. To minimize wear, classic

elastohydrodynamic theory suggests wear reduction for

larger diameter head bearings [18]. However, the survival

of these larger head implants and the levels of metal ions in

the blood of patients with these implants remain to be

determined. Larger femoral heads have the advantage of

increased range of motion and stability [8, 9]. There have

been studies analyzing the head diameter with ion con-

centrations but have not uniformly examined patients with

THA and femoral head diameters above 40 mm [2, 14, 16,

24, 42, 54] . The purposes of our study were to (1) deter-

mine if there was a change in whole blood cobalt and

chromium ion concentrations in patients with small

(28 mm and 36 mm) and large (40 mm and 44 mm)

diameter femoral heads after THA; (2) measure oxidative

stress markers (total antioxidants, nitrotyrosine, and per-

oxides) to determine if the increased metal ions altered the

body’s oxidant status; and (3) determine whether acetab-

ular version or inclination influenced ion levels.

This study has some limitations. First, it was not a

randomized controlled trial comparing varying femoral

head sizes while keeping all other parameters constant.

However, randomization was not possible given the limi-

tations on femoral head size enforced by acetabular

geometry. Because of the absence of randomization, the

Table 2. Results comparing patients after small- or large-diameter metal-on-metal THA

Radiographic and metal ion variables Small femoral head

(28 mm and 36 mm)

Large femoral head

(40 mm and 44 mm)

p Value

Acetabular anteversion (range)* 26 (5–47) 20 (4–39) 0.018

Acetabular inclination (range)* 46 (30–58) 42 (30–57) 0.009

Cobalt (lg/L)� 2.34 2.22 0.42

Chromium (lg/L)� 0.78 0.51 0.29

Molybdenum (lg/L)� 1.86 1.59 0.052

Total antioxidants (mM)* 503 517 0.86

Peroxide (nmol/mL)* 455 406 0.22

Nitrotyrosine (nM)� 7.5 8.2 0.56

* These values are given as the mean at 1 year; �these values are given as the median at 1 year.

Table 3. Effect of inclination and anteversion on metal ion levels

Femoral head size Ion Inclination

Correlation p Value

Small head Co �0.205 0.21

Cr �0.055 0.74

Mo �0.102 0.54

Large head Co �0.189 0.21

Cr �0.239 0.11

Mo �0.11 0.47

Anteversion

Small head Co �0.106 0.53

Cr �0.17 0.3

Mo �0.016 0.93

Large head Co 0.124 0.41

Cr 0.346 0.017

Mo 0.281 0.075

Co = cobalt; Cr = chromium; Mo = molybdenum.
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two groups we compared were not age- and gender-

matched. This is also inherent in the anatomy, because

smaller femoral head diameters are usually placed in

women. However, the groups had similar UCLA activity

scores; this is probably more important than the observed

differences, because wear is mainly a function of use [47]

and considering two studies [38] have reported a mild

(10%-13%) increase in cobalt but not chromium after

exercise. Second, we considered the 36-mm diameter

femoral heads as small. However, we seldom used a 28-

mm head in our patients. Therefore, for the purpose of this

study we required a comparative group and wanted to

explore the potential wear advantage of heads larger than

40 mm. We have already demonstrated that at 1 year, there

is no difference in metal ion release between the 36- and

28-mm diameter heads [2]. Third, the femoral heads were

not all from the same manufacturer. However, the Metasul

heads were only used in the six patients with head diam-

eters of 28 mm. Furthermore, both heads are forged,

wrought, high-carbon cobalt-chrome alloy components

with similar radial clearances. Fourth, because our study

was not prospectively designed, we lack preoperative metal

ion concentrations. We cannot comment on baseline values

nor can we compare preoperative values with those at

1 year to examine any trends. Our metal ion values at

1 year in well-functioning hips are similar to the other

studies [2, 16, 54] and can potentially contribute to estab-

lishing a threshold for metal ion levels. Fifth, we have used

metal ion analysis as a surrogate for wear. This is consis-

tent with several authors that suggested increased systemic

levels of cobalt and chromium may be accurate for wear in

metal-on-metal hip arthroplasty [20], because radiographic

evidence of wear is less accurate with modern metal-

on-metal articulations [7, 35, 42]. This assumption may be

accurate because most of the wear debris in metal-on-metal

articulations should theoretically arise from the bearing

surfaces [35]. However, there is still conflicting evidence in

the literature to suggest serum or whole blood levels of

cobalt and chromium can accurately reflect wear. More-

over, there are reports of patients with major increases in

metal ion levels without any clinical or radiographic signs

of failure [35]. This suggests efficient ion excretion may

influence the level of metal ions in blood. Although not

well defined in the literature, these patient parameters can

be responsible, in part, for the observed outlier values. This

remains to be investigated.

We observed no difference in cobalt, chromium, or

molybdenum concentrations at 1 year when comparing

small (28 mm and 36 mm) with large (40 mm and 44 mm)

diameter femoral heads after metal-on-metal THA. This is

consistent with a previous study that also showed no

change in whole blood metal ion concentrations in patients

who had a 28-mm or 36-mm metal-on-metal THA

implanted [2] (Table 4). More recently, a randomized

controlled trial comparing patients after 28-mm metal-

on-metal THA or hip resurfacing also failed to show a

difference in whole blood metal ion concentrations [54].

The authors compared the Metasul (Zimmer) articulation

with Durom (Zimmer) hip resurfacing, which have radial

clearances of 45 lm and 75 lm, respectively. Tribologic

theory and hip simulator studies suggest mixed-fluid film

lubrication occurs with larger femoral head diameters and

decreasing radial clearances [12, 22, 51]. The lack of metal

ion release in their study may have resulted from offsetting

the decreasing clearances with smaller diameter femoral

heads. Another randomized control trial compared large

head metal-on-metal THA with hip resurfacing [24]. The

authors found a 10-fold increase in cobalt and 2.6-fold

increase in chromium in the patients who received the large

head THA. This study failed to identify the radial clearance

of the femoral heads in the two groups. Conversely, Clarke

et al. observed a decrease in cobalt and chromium ions in

patients 16 months after a 28-mm metal-on-metal THA

compared with hip resurfacing (mean femoral head diam-

eter 48 mm) [14]. The authors suggested the decrease in

the smaller femoral head group was the result of more

resistance to microseparation. The authors measured the

mean metal ion concentrations in serum and explained the

limitation of comparing within the literature [3, 57].

Indeed, Daniel et al. published whole blood ion values that

failed to show a difference between patients 2 years after

hip resurfacing with either 50-mm or 54-mm femoral head

diameters and 28-mm diameter metal-on-metal THA [16].

Sources of conflicting data in the literature can be

explained in part by variations in sampling methods and

metal ion analysis. Comparative studies often contrast

bearings with different radial clearances or include patients

after hip resurfacing that do not contain modular compo-

nents like those found in THA articulations. The Morse

taper can serve as a source of ions and may influence the

measured metal ion concentrations [36]. Further studies

that use the same sampling methods and implants in

patients that are matched for body mass index, age, and

gender should be performed before the final verdict can be

made regarding the role of metal-on-metal articulations.

There is ongoing concern regarding cellular toxicity

[17, 32, 50], Type IV hypersensitivity reactions [18, 45,

55], and altered immunoregulatory mechanisms [26, 27,

30, 31] resulting from chronic systemic elevations of metal

ions in this patient population. Metal ions can generate the

formation of free radicals [52]. Subsequently, DNA and

other cellular constituents such as lipids and proteins are

damaged when the antioxidants are consumed [53]. Our

results demonstrate the levels of oxidative stress markers

(total antioxidants, nitrotyrosine, and peroxides) were

similar in patients with small and large femoral head THA.
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This suggests the increase in metal ion load does not alter

the body’s systemic antioxidant status. The correlation

between increased oxidative stress markers and adverse

local soft tissue reactions still needs to be confirmed.

We observed differing mean acetabular inclination and

version between the small and large femoral head groups.

However, all means, other than anteversion in the small

femoral head group, were in the so-called ‘‘safe-zone’’ of

Lewinnek et al. [43] and below the published threshold of

acetabular inclination for increased metal ions [7, 19, 29].

In addition, the acetabular inclination and version had little

or no effect on the levels of cobalt, chromium, and

molybdenum. We cannot explain the relationship between

acetabular position and the size of the femoral head. The

data also demonstrated acetabular inclination had no effect

on metal ion levels in patients with both small and large

femoral head THA. Acetabular anteversion was positively

correlated only with the concentration of chromium ions in

the large femoral head group.

In summary, metal-on-metal bearings in THA generated

similar levels of whole blood cobalt, chromium, and

molybdenum ions when comparing small (28 and 36 mm)

with large (40 and 44 mm) femoral heads. We found

similar HHS and UCLA activity scores and levels of

cobalt, chromium, and molybdenum at 1 year post-

operatively in patients with small and large femoral head

metal-on-metal THA. Longer followup studies and close

monitoring of patients with metal-on-metal bearings are

warranted owing to ongoing concerns about potential

complications from chronic elevations in metal ions.
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