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Abstract: Metal-on-metal (MoM) bearing surfaces were historically used for young patients undergoing
total hip arthroplasty (THA), and remain commonplace in modern hip resurfacing. A substantial number of
female patients with MoM bearings subsequently gave birth following implantation of the bearings before a
full understanding of metal ions exposure in these patients was established. In theory, it has been postulated
that metal ions released from such implants may cross the placental barrier and cause harm to the fetus. In
light of this potential risk, recommendations against the use of MoM components in women of child-bearing
age have been advocated. The purpose of this systematic review was to evaluate: (I) the MoM bearing types
and ion levels found; (I) the concentrations of metals in maternal circulation and the umbilical cord; and (III)
the presence of abnormalities in the fetus or delivered child. A comprehensive literature review was conducted
of studies published between January 1st, 1975 and April 1st, 2019 using specific keywords. We defined the
inclusion criteria for qualifying studies for this review as follows: (I) studies that reported on the women who
experienced pregnancy and who had a MoM hip implant; (II) studies that reported on maternal metal ions
blood and umbilical cord levels; and (III) studies that reported on the occurrence of fetal complications. Data
on cobalt and chromium ion levels in the maternal blood and umbilical cord blood, as well as the presence of
adverse effects in the infant were collected. Age at parturition and time from MoM implant to parturition were
also collected. A total of six studies were included in the final analysis that reported on a total of 21 females
and 21 infants born. The mean age at parturition was 31 years (range, 24 to 41 years), and the mean time from
MoM implantation to parturition was 47 months (range, 11 to 119 months). Maternal blood cobalt levels
were found as a weighted average of 34.09 pg/L (0.425 to 138 pg/L), while umbilical cord blood cobalt levels
were found to be 22.61 pg/L (0.52 to 51.11 pg/L). Cobalt levels were reduced by an average of 34% between
maternal and umbilical cord blood. Maternal cord blood chromium levels were found as a weighted average
of 18.18 pg/L (0.225 to 75 pg/L), while umbilical cord chromium levels were found to be 3.96 pg/L (0.14
to 11.96 pg/L). Chromium levels were reduced by an average of 78% between maternal and umbilical cord
blood. No cobalt or chromium was detected in the umbilical cord blood of three patients. Out of the 21 infants
born to women with MoM implants, 20 were born healthy with no adverse effects or complications. Only one
complication was recorded in single infant that did not appear to be related to the maternal MoM implant. To
date, there is a lack of consensus as to whether MoM hip arthroplasty implants are to be avoided in the child-
bearing female population and whether they constitute a hazard to the fetus iz utero. Both chromium and cobalt
ions were markedly reduced in levels when transitioning from maternal to cord blood. In particular, chromium
showed a greater reduction on average than cobalt (78% vs. 34%). Based on the current evidence, there appears
to be no correlation between the presence of metal ions in umbilical cord blood and complications, as none of

the infants experienced abnormalities uniquely attributable to the presence of metal ions.
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Introduction

Metal-on-metal (MoM) hip prostheses were used
historically in total hip arthroplasty (THA) and are still used
in hip resurfacing. Despite initial wide spread utilization
(1,2), multiple studies have raised concerns about excessive
release of metal ions from these prostheses into the systemic
circulation along with increased risk of fretting, corrosion,
and adverse local soft tissue reactions (3,4). In some reports,
it was postulated that pregnant women who have elevated
metal ion levels may be at increased risk of mutagenic,
teratogenic, or acute fetotoxic effects in their offspring if
metal ions crossed the placental barrier (5). In light of this
potential risk, recommendations against the use of MoM
components in women of child-bearing age have been
advocated (6-9).

Despite the historical practice of using MoM hip
implants in women of child-bearing age, there remains a
contemporary theoretical dilemma concerning their effect
on fetuses of pregnant women who may have undergone
MoM-THA or hip resurfacing (6). However, the true
clinical importance of elevated metal ion levels in these
women remains uncertain. Therefore, the purpose of
this systematic review was to elucidate the survivorship
associated with MoM implants in gravida women.
Specifically, we evaluated: (I) the MoM types and ion levels
observed; (II) the presence of maternal and umbilical cord
levels of the metals; and (III) the presence of abnormalities
in the fetus or delivered child.

Methods

A comprehensive literature search was conducted of
studies published between January 1st, 1975 and April
Ist, 2019 concerning MoM hip resurfacing and THA and
pregnancy. The following databases were queried: PubMed,
EBSCOhost, and EMBASE. The following keywords were
used in combination with Boolean operators AND or OR
for the literature search: “metal-on-metal”, “pregnancy”,
“hip”, “metal ions”, “cobalt”, “chromium”, “arthroplasty”,
“resurfacing”, “arthroplasty”, “malformations”, and

“complications”. Inclusion criteria for qualifying studies
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were defined as follows: (I) studies that reported on the
women who experienced pregnancy and who had a MoM
hip implant; (II) studies that reported on maternal metal
blood levels and umbilical cord metal levels; and (III) studies
that reported on the congenital malformation status of the
infant. Umbilical cord metal ion levels were determined
at delivery. Additionally, we excluded: (I) duplicate studies
among searched databases and (II) previous reviews.
Data on cobalt and chromium ion levels in the maternal
blood and umbilical cord blood, as well as the presence of
congenital malformations or other abnormalities in the
infant, were collected. Age at parturition and time from
MoM implantation to parturition were also collected. The
selection process is summarized in Figure 1.

A total of six studies met our criteria (6-11). They
reported on 21 females with MoM prostheses, who gave birth
to 21 infants. The mean age at parturition was 31 years (range,
24 to 41 years), and the mean time from MoM implant to
parturition was 47 months (range, 11 to 119 months). All
studies prospectively enrolled pregnant patients with MoM
implants. Three studies included a control group comprised
of perinatal women with no metal implants (9-11).
Concentrations of cobalt and chromium in both maternal
and umbilical cord blood at parturition were determined
in all 21 patients utilizing routine methodology previously
published on (12,13). All studies evaluated infants for
effects of teratogens and general health shortly after birth.
Findings from the individual studies are summarized in

Table 1.

Results
Metal ion levels in mothers and infants

Maternal blood cobalt levels were found as a weighted
average of 34.09 pg/L (range, 0.425 to 138 pg/L), while
umbilical cord blood cobalt levels were found to be
22.61 pg/L (range, 0.52 to 51.11 pg/L). Cobalt levels
were reduced by an average of 34% between maternal
and umbilical cord blood. Maternal cord blood chromium
levels were found as a weighted average of 18.18 pg/L
(range, 0.225 to 75 pg/L), while umbilical cord chromium
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Figure 1 Flow diagram of selection process for articles in this review.

levels were found to be 3.96 pg/L (range, 0.14 to 11.96 pg/L).
Chromium levels were reduced by an average of 78% between
maternal and umbilical cord blood. No cobalt or chromium
was detected in the umbilical cord blood of three patients.

Comparison to controls

Two studies compared maternal and fetal blood
measurements to control cohorts. In the study by Ziaee
et al. (11), maternal blood cobalt and chromium measured
1.39 and 1.28 pg/L in MoM patients vs. 0.34 and
0.199 pg/L in the control cohort. Umbilical cord blood
concentrations of cobalt and chromium measured 0.839 and
0.378 pg/L in MoM patients vs. 0.336 and 0.194 pg/L in
the control cohort. Novak ez al. (9) recorded similarly high
measurements in the maternal and fetal blood samples of
MoM patients. Maternal cobalt and chromium averaged as
low as 0.2 and 0.1 ng/mL while in the fetal cord blood they

© Annals of Translational Medicine. All rights reserved.

averaged 0.15 and 0.09 ng/mL.

Infant outcome

Out of the 21 infants born to women with MoM implants,
20 were born healthy with no complications. One infant
was malformed at birth with craniofacial dysplasia
(microphthalmia, microtia), cerebral anomalies, and isthmic
aortic stenosis with an open aortic duct, bowel malrotation,
a hyperplastic thymus, and flexion contractures of both
hands (7). This infant suffered mortality one week post-
partum.

Discussion

Historically, women of childbearing age constituted a
considerable portion of younger patients undergoing
MoM hip arthroplasty (6). Currently, MoM implant use
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is now obsolete in this patient population due to concerns
over the potential effects of elevated metal ion levels on
fetal development, as well as the contraindication of some
devices in females. At the present time, no evidence exists
to definitively recommend for or against the use of MoM
hip bearing surfaces in female patients of childbearing age.
Our analysis aimed to address this void, through the first
and only systematic review focused on the effects of MoM
implants in women of childbearing age. Specifically, our
review evaluated: (I) the MoM bearing types and ion levels
observed; (II) the concentrations of metals in maternal
circulation and the umbilical cord; and (III) the presence of
abnormalities in the fetus.

The present analysis suggests that elevated levels of
circulating cobalt and chromium in pregnant women
with MoM implants may cross the placental barrier and
lead to elevated levels of these metals in fetal circulation.
Detectable levels of cobalt and chromium were found in
umbilical cord blood in all cases except 3 (of 3) patients
analyzed by Brodner er 4l. (7). This study used graphite
furnace atomic absorption spectrometry, however, which
is not as sensitive for metal ion detection compared to
other standard analytical techniques (i.e., high-resolution
inductively-coupled plasma mass spectrometry). In all of the
included studies, authors rose concerns about the higher
than normal concentrations of metal ions in the maternal
cord blood. However, they failed to demonstrate a clinically
relevant complication or abnormality in the fetus.

Despite trans-placental passage of chromium and
cobalt, the placenta appears to exert a modulatory effect
which reduces their concentration in fetal blood relative to
maternal blood. This effect was demonstrated to be greater
for chromium than cobalt, although levels of both metals
were markedly reduced after placental transfer. It is known
that control of substance transfer is a primary function
of the placenta (7). Inherently, the modulation of heavy
metal ions passing across the placenta likely represents
normal physiology, as trace amounts of these ions are
necessary for fetal development (11). Several studies have
demonstrated the modulatory function of the placenta in
transferring metal ions between mother and fetus (13-15).
This modulation differs depending on the specific metal
traversing the placenta, as the placenta demonstrates an
ability to facilitate passage, limit passage, or establish a
concentration gradient of specific ions (15). Our analysis
supports these known functions of the placenta by
demonstrating its ability to limit the transfer of both cobalt
and chromium to the fetus.
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Although MoM hip prostheses in pregnant women
may lead to elevated chromium and cobalt levels in their
offspring, the clinical relevance of these elevations is
uncertain. Industrial exposure to cobalt and chromium
has been shown to have cardiac, renal, ophthalmic,
immunologic, reproductive, and carcinogenic effects (16).
However, limited evidence exists to suggest that similar
effects are found in hip arthroplasty procedures, where the
degree of exposure is lower and the mechanism of exposure
is distinctly different (16-19). Reports of adverse local
tissue reactions and acute systemic effects associated with
ion release from MoM implants exist (20-27), however,
the incidence and specific etiology of these reactions or
effects remain elusive. Moreover, the long-term effects of
chromium and cobalt release from metal prostheses are
undetermined.

Our analysis suggests elevated levels of circulating
chromium and cobalt in pregnant women with MoM
prostheses present no identifiable threat to fetal health.
Twenty out of 21 infants in the included studies were born
healthy, without any noted malformations. As reported
by Brodner et al., one infant was born substantially
malformed and non-viable. The relationship between this
infant’s malformalities and the mother’s MoM implants
may represent simple correlation versus identifiable
causation. This specific mother gave birth to three children
prior to receiving her MoM implant, two of which were
malformed in a similar manner to the infant in the study.
These two children were also from the same partner as
her final malformed child born during the study, while
her healthy child was from a different father (7). Another
infant reported by Oppermann et 4/. was born with mild
hypospadias (10), a common birth defect of multifactorial
etiology (10,28). Although other studies have found a link
between hypospadias and high blood levels of cadmium and
lead (29), a similar association has not been demonstrated
for chromium or cobalt. Aside from the hypospadias, this
infant was otherwise healthy and developed normally.

Our analysis aimed to characterize the effects of MoM
hip bearing surfaces and circulating metal ion levels in
women of childbearing age, specifically regarding these
effects on fetal health. The results of this analysis suggest
MoM hip prostheses are likely well-tolerated in women of
childbearing age and do not present an identifiable threat
to fetal health. Although chromium and cobalt released
from MoM implants cross the placental barrier, this process
is modulated by specific mechanisms which decrease the
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amount of ions entering fetal circulation.

Moreover, the presence of metal in umbilical cord
blood was not correlated with congenital malformations
in the fetus, as none of the infants experienced congenital
abnormalities uniquely attributable to the presence of metal.
This review was limited by the methodological quality of
its inclusion studies, all of which had relatively small sample
sizes and did not track mother or infant health over the long
term. To our knowledge, however, this analysis represents
the most comprehensive investigation to date regarding
the safety of MoM implants in women of childbearing age.
Future studies should focus on analyzing larger sample
populations, and tracking patients over longer periods
of time.
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