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Background: Metal-on-metal total hip prostheses (MoM-THR)
have been shown to produce hypersensitivity reactions and
fluid collection (pseudotumor) by the hip as well as high
blood metal ions levels (BMILs).

Objectives: To evaluate the magnetic resonance imaging (MRI)
signal-to-noise ratio (S/N) in selected body tissues around the
hip of patients who underwent MoM hip replacement and to
correlate to BMILs.

Methods: Sixty-one MRI hip examinations in 54 post-MoM-
THR patients (18 males, 36 females, mean age 65 years)
were retrospectively evaluated independently by two readers.
The mean S/N ratio in a region of interest was calculated for
periprosthetic pseudotumor collection (PPC), the bladder, fat,
and muscle on axial T1w, FSE-T2w, and short tau inversion
recovery (STIR) sequences on the same location. BMILs were
retrieved from patient files.

Results: PPC was detected in 32 patients (52%) with an
average volume of 82.48 mms. BMIL did not correlate with
the presence of PPCs but positively correlated with the PPC’s
volume. A trend for positive correlation was found between
BMILs and S/N levels of STIR images for muscle and bladder
as well as for PPC and cobalt levels. A trend for correlation
was also seen between BMIL with PPC’s T1 w S/N.
Conclusions: Alteration of MRI S/N for different hip tissues
showed a tendency for correlation with BMILs, possibly
suggesting that metal deposition occurs in the PPC as well as
in the surrounding tissues and bladder.
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ontemporary metal-on-metal (MoM) total hip replacement

(THR) implants have become increasingly popular among
younger populations that require hip replacement surgery. One
of the benefits of MoM-THR is the reported long-term low
wear rate [1]. However, release of metal debris from this type
of implant, in which the metal is usually an alloy of cobalt and
chromium, was reported to cause a soft tissue disease with the
formation of periprosthetic fluid collection. This phenomenon
was termed periprosthetic pseudotumor collection (PPC) or
inflammatory pseudotumor [2]. Other accepted terms for this
phenomenon include aseptic, lymphocyte-dominated vascu-
litis-associated lesions (ALVAL) [3] and adverse reactions to
metal debris (ARMD) [4].

The pathogenesis of a PPC formation is not fully understood
[5]. The common theory is that a corrosive process leads to
shedding of metal ions around the implant, which induces an
immunological response that results in its formation. Sheared
metal particles also diffuse into the blood. Elevated metal ion
levels have been detected in the urine [5] and organs [6] of
patients with MoM prostheses.

Disseminated concentrations of cobalt and chromium have
raised concerns about cellular toxicity, chromosomal damage,
and adverse local soft tissue reactions [7]. Thus, the formation
of periprosthetic complications as well as elevated blood metal
ion levels have raised concern regarding the long-term safety
of MoM prostheses [8].

Specific imaging modalities used to detect abnormal soft
tissue reaction include magnetic resonance imaging (MRI)
and ultrasound. MRI is excellent for assessing soft tissues, but
susceptibility artifacts from the metal components of the MoM
hip prosthesis reduce image quality [9]. This difficulty led to
the development of dedicated MRI sequences for reducing
metallic artifacts, thus allowing for visualization of peripros-
thetic tissues [10].

PPC is the principal MRI finding in MoM disease. The
typical fluid signal intensity (SI) is isointense on T1-weighted
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(T1w) and hyperintense on T2-weighted (T2w) images com-
pared to muscle [11]. The SI of the PPC is expected to vary
with its content [11]. Paramagnetic metal ions and deposited
particles induce paramagnetic/susceptibility relaxation mecha-
nisms on the neighboring water protons. Therefore, if metal
ions and metal precipitates are present in the PPC and in the
surrounding tissues, the measured MRI SI of these tissues is
expected to change [11].

In the current study, we aimed to evaluate the correlation
between the SI and size of the PPC and other periprosthetic
tissues with blood metal ion levels. We hypothesized that metal
ions, which had shed from the prostheses and accumulated in
the PPC and in the surrounding tissues of patients after MoM-
THR, will modulate SI and will correlate with the patient’s
blood metal ion levels.

PATIENTS AND METHODS

All sequential MRI examinations that were performed for
the evaluation of the hip of patients after MoM-THR in our
institution between 2010 and 2012 were retrospectively evalu-
ated for the presence of a PPC and for the SI of the PPC and
its surrounding tissues. Blood levels of chromium and cobalt
ions recorded within 3 months of the MRI examination were
retrieved from patient files.

The retrospective analysis of MRI examinations and data
extraction from patient files was approved by the local ethics
committee. Informed consent was waived.

MRI EXAMINATIONS

All of the study patients underwent MRI of the pelvis and hip
ona 1.5 T MRI unit (Optima, GE Healthcare, Milwaukee, W1,
USA) using a body volume coil in a supine position. Imaging
protocol consisted of a metal reduction dedicated protocol
with sequences with increased pixel bandwidth (620 MHz) and
matrix size up to 448 x 336; axial and coronal T1w spin-echo,
short tau inversion recovery (STIR) and T2w sequences; T1w:
TR/TE =533 /7.7ms, field of view (FOV) = 24 cm, number of
excitations (NEX) = 2, slice thickness = 4 mm, Gap = 0 mm,
echo train length (ETL) = 4. STIR: TR/TE = 6100/50 ms, TI =
129 ms, FOV = 42 cm, NEX = 2, slice thickness = 4 mm, Gap
=1 mm, ETL = 9; T2w: TR /TE= 5789/ 102 ms, FOV = 44 cm,
NEX = 2, slice thickness = 4 mm, Gap = 0 mm, ETL = 16.

Minor protocol adjustments were made when required by
extrinsic parameters, such as a patient’s body habitus.

MRI examinations were evaluated separately by an experi-
enced musculoskeletal radiologist and a 3rd year intern for the
presence of a PPC and for tissue SI measurements. Prior to this
reading, a learning session on 10 cases that were not part of the
MRIs under investigation was conducted to recognize findings
indicative of PPC on an MRI and to establish guidelines in the
reporting of MRI findings between the readers.

MRI EVALUATION
A PPC was defined as any cystic mass in continuity with the
hip joint. Isolated distension or thickening of a non-commu-
nicating trochanteric bursa was not considered. Both the size
and the SI of the PPC were recorded. The SI was measured by
marking a circular region of interest (ROI) with an average
size of 160 mm2 on the PPC, bladder, fat, and muscle on
axial T1w, STIR, and T2w images. All measurements were
performed on the same slice, which was carefully selected to
present minimal metal artifacts. For consistency purposes,
ROI was placed in all patients in the middle of the collection,
bladder, the ipsilateral gluteus maximus muscle, and the fat
superficial to this muscle.

Volume of the PPC was estimated using the largest param-
eters of width, height, and anterior-posterior axis of the PPC.

The results of the two readers were averaged.

For calculation of signal-to-noise ratio (S/N), the average
SI of the PPC, bladder, muscle, and fat ROIs was divided by
standard deviation of air (noise) on the same slice.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS software version
11 (SPSS Inc., Chicago, IL, USA). Significance was assumed at
P values smaller than 0.05. Pearson’s correlation coefficient was
computed to assess the relationship between blood metal ion lev-
els and the evaluated parameters, such as PPC volume and tissue
S/Ns. Bonferroni correction was used to counteract for multiple
comparisons. Two-way mixed analysis (for scoring and raters)
intraclass correlation coefficient (ICC) was calculated to assess
consistency and to evaluate agreement between the readings
of the two readers of SI in the different sequences and tissues.
ICC values were interpreted as follows: 0-0.2 = poor agreement,
0.3-0.4 = fair agreement, 0.5-0.6 = moderate agreement, 0.7-0.8
= strong agreement, and > 0.8 = almost perfect agreement.

RESULTS

A total of 61 MRI examinations of the hip from 54 patients
(18 males, 36 females; mean age 65 years, range 32-86) were
retrospectively evaluated. Forty-seven of them underwent uni-
lateral MoM-THR and seven underwent bilateral MoM-THR
(in which the contralateral non-MoM-THR operation was per-
formed before the MoM-THR). Implants were all large-head
MoM hip prostheses (ASR; DePuy, Leeds, UK; 49 modular
stemmed prostheses, 12 hip resurfacing). The average time
from surgery to MRI was 4.1 years (range: 1.9-6.1).

Of the 61 MRI examinations available for evaluation, 32
PPCs were detected on 32 (52%) hips of 30 patients (mean age
65.3 years, 10 males, 20 females). In two subjects with bilateral
MoM-THR, bilateral collections were recorded.

Patient characteristics regarding the presence of a PPC and
their blood metal levels are summarized in Table 1.
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Table 1. Patient characteristics according to the presence of
periprosthetic pseudotumor collection

No PPC PPC
(n £ SD) (n = SD)
n 29 32
Age (years)* 63.8 + 10 65.3 + 10
Volume (mm3) NA 82.5+95
Co (ug/* 33.8+55 495 + 66
Cr (ug/L* 143425 19.1+ 26

SD = standard deviation, PPC = periprosthetic pseudotumor collection, Co =
cobalt blood ion levels, Cr = chromium blood ion levels, NA = not applicable
*Differences between patients with and without PPC regarding age and Co
and Cr were not statistically significant (P > 0.05).

BLOOD METAL ION LEVELS AND PERIPROSTHETIC
PSEUDOTUMOR COLLECTION

Almost perfect agreement was seen between the two readers
in the SI registration with intraclass correlation of 0.89-0.99.

There was a trend toward higher BMIL in patients with a
PPC compared with those without, but without statistical sig-
nificance [Table 1]. There was no correlation between blood
metal ion levels and the presence of a PPC (cobalt: r = 0.74,
P =0.50; chromium: r = 0.7, P = 0.59).

In patients with PPC, there was a significant correlation
between blood metal ion levels and the PPC volume (cobalt/
chromium: = 0.4/0.6, P = 0.05/0.001). This was also true when
applying the Bonferroni correction. No significant correlation
was seen between the PPC volume and its S/N.

The average S/N of the evaluated tissues in the patient group
is presented in Table 2 and the Pearson correlations between
blood metal ions and the tissue S/Ns are summarized in Table
3. Overall, blood cobalt levels significantly correlated with the
S/Ns on STIR for the PPC, muscle, and bladder, which was also
the case for chromium and the S/Ns of the muscle and bladder.
There was a positive significant correlation between the PPC S/N
and the metal ion levels on the T1w sequence. These results lost
their significance after performing the Bonferroni correction.

DISCUSSION

The high failure rate of MoM-THR is now a well-recognized com-
plication [2,12] with the formation of PPCs [12,13]. A PPC was
detected in 52% of our cohort. This percentage is in accordance
with its reported incidence of 35-60% on MRI [14-17]. In our
cohort, patients with a detected PPC on MRI had higher cobalt
and chromium levels compared to those without a PPC, although
the difference was not significant, possibly due to the relatively
small cohort size. Indeed, Malek and co-authors [17] described a
significant difference in the median plasma cobalt and chromium
levels between 209 symptomatic MoM-THR patients with and
without a PPC. The same was also described by Chang et al. [18]
in 156 MoM-THR patients. Conversely, Newton and colleagues

Table 2. Mean signal-to-noise ratios of the patients’ selected tissues

STIR Tiw T2w

(nxSD) (nxSD) (n +SD)
PPC 1249 + 754 46.7 + 30 393.2 + 32
Muscle 33.0+18.2* 49.6 + 30* 106.8 + 64
Bladder 170.5 + 91* 32.5 + 20* 266.5 + 101
Fat 236 + 76* 250.0 + 221

SD = standard deviation, PPC = periprosthetic pseudotumor collection,
STIR = short tau inversion recovery

*P < 0.05

Table 3. Pearson’s correlation coefficients between blood metal
ion levels and signal-to-noise ratios of the selected tissues in the
different sequences

STIR Tiw T2w
r P r P r P
PPC Co 0.50 0.05* 0.36 0.05* 0.22 0.26

Cr 0.40 0.07 0.45 0.02* 0.14 0.48
Muscle Co 0.40 0.05* | 0.19 0.32 0.38 0.05*
Cr 0.40 0.04* 0.31 0.12 0.25 0.21

Bladder Co | 047 0.01* | 0.16 04 -0.086 | 0.66
039 004 025 | 021 010 | 062
Fat Co 013 |05 039 | 0.04*
Cr 0.21 0.28 0.28 0.16

PPC = periprosthetic pseudotumor collection, STIR = short tau inversion
recovery, Co = cobalt blood ion levels, Cr = chromium blood ion levels

*P < 0.05

[19] showed that PPCs were not associated with blood metal ion
levels, and suggested that a patient’s susceptibility to metal ions
is more influential than blood ion levels.

In the current study, metal ion levels in the blood correlated
significantly with the PPC volume. Chang et al. [18] found the
same association between blood metal ion levels and the size
of the PPC. It is reasonable to assume that increased surface
areas in larger PPCs enable a higher diffusion rate of the metal
ions into the blood. However, this assumption needs further
validation.

In general, correlation was found in the current study
between blood metal ion levels and the S/N of PPC, muscle,
and bladder on STIR and T1w sequences. However, after using
the Bonferroni correction, no significant correlation was seen,
potentially indeed correcting for oversampling. However, the
fact that correlation between the S/N and metal ion levels in
the blood was repeatedly found in many of the parameters
evaluated implies that such correlation does exist and its dis-
appearance in the Bonferroni correction might be influenced
by the small cohort size. This assumption should be tested in
a larger cohort

Biopsies performed on periprosthetic tissue in patients who
underwent revision of MoM-THR verified the accumulation of
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plasma cells in association with macrophages containing metal-
lic wear-debris particles [20]. Metal particles were also found on
such periprosthetic tissues by atomic absorption spectrometry
[21]. These findings suggest that the tendency for correlation
found in our study between tissue S/N and blood metal ion lev-
els might be caused by metal ion deposition within the tissues
evaluated. The effect on SI and S/N of the disseminated metal
ions or their precipitates is composed of a paramagnetic effect
of the dissolved ions and a susceptibility effect of the metal
atoms (especially cobalt) aggregates. This could contribute to
the reduced SI and S/N found in the PPCs in both STIR and
T1-w sequences in our study and to the tendency for correla-
tion between the S/N of the PPC and the levels of metal ions
in the blood.

It is difficult to quantitatively predict the expected SI of vari-
ous tissues examined by MRI sequences since it is affected by
many factors in addition to the susceptibility effects of metal
aggregates. These factors include the metallic hip itself and the
increased protein and water content induced by inflammation.
Therefore, the tendency for correlation between blood metal
ion level and tissue SI seen in the current study could be also
indirectly affected by metal deposition causing tissue inflam-
mation. Still, similar to plasma concentration of metal ions [22],
S/N of the periprosthetic tissues may indicate wear occurring
in patients with MoM-THR.

In the current study, a tendency for positive correlation was
suggested between the S/N of the bladder on STIR and blood
metal ions levels. Newton and colleagues [19] used inductively
coupled plasma mass spectrometry analysis and demonstrated
high urinary metal concentrations of both cobalt and chro-
mium relative to blood concentrations, with threefold levels
of cobalt compared to chromium. The authors suggested that
chromium had far less renal excretion than cobalt. Although
both metals are excreted in the urine, cobalt is transported from
local tissues to the blood and eliminated rapidly in the urine by
active secretion, whereas chromium is protein-bounded in the
plasma and undergoes slow urinary excretion [19]. Another
explanation for the high levels of cobalt compared to chromium
may be the different percentage of these metals in the prosthesis
alloy (63% for cobalt and 30% for chromium).

MRI was shown to have a strong predictive value for the
detection of adverse tissue response in the form of PPC around
a failed MoM hip arthroplasty and was also predictive of severe
tissue damage [23]. The biologic pathway leading to the forma-
tion of PPCs is complex. Ion particles released from the implants
are cytotoxic once ingested by phagocytosis, accounting for the
necrosis seen within the lesions [24]. There are also histological
features compatible with a type IV hypersensitivity allergic reac-
tion [3] that eventually lead to the formation of an aseptic PPC
collection [20]. Patients with maximal PPC synovial thickness
and fluid volume on MRI as well as low signal intensity depos-
its and soft tissue edema had more tissue damage and higher

periprosthetic scores [25]; that is, a more advanced histological
reaction on revision operations [23]. The low signal intensity
particles, the result of metal shedding, and the aggregates poten-
tially caused the PPC SI reduction seen in our study.

The retrospective nature of the current study and the rela-
tively small cohort are limitations of the current study. Due to
the retrospective nature of the study, rigorous standardization
of all MRI parameters was precluded.

Histological correlations, which would have strengthened
our results, were not carried out.

CONCLUSIONS

In conclusion, although the interpretation of the correlation
between S/Ns of the evaluated tissues and blood metal ion levels
is complex, our measurements imply a correlation between the
levels of metal ions and MRI S/N values for the STIR and T1w
sequences. Our results suggest that metal deposition occurs in
the periprosthetic fluid collection as well as in the surrounding
tissues and the bladder in patients post-MoM-THR.
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Gut microbiome and serum metabolome alterations in obesity and after weight-loss intervention

Emerging evidence has linked the gut microbiome to human
obesity. Liu et al. performed a metagenome-wide association
study and serum metabolomics profiling in a cohort of lean
and obese young, Chinese individuals. The authors identified
obesity-associated gut microbial species linked to changes
in circulating metabolites. The abundance of Bacteroides
thetaiotaomicron, a glutamate-fermenting commensal
microbe, was markedly decreased in obese individuals and
was inversely correlated with serum glutamate concentration.
Consistently, gavage feeding with B. thetaiotaomicron
reduced plasma glutamate concentration and alleviated diet-

induced body-weight gain and adiposity in mice. Furthermore,
weight-loss intervention by bariatric surgery partially reversed
obesity-associated microbial and metabolic alterations in
obese individuals, including the decreased abundance of

B.

thetaiotaomicron and the elevated serum glutamate

concentration. These findings identify previously unknown
links between intestinal microbiota alterations, circulating
amino acids and obesity, suggesting that it may be possible
to intervene in obesity by targeting the gut microbiota.
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Varus thrust and incident and progressive knee osteoarthritis

To determine if varus thrust, a bowing out of the knee during
gait (i.e., the first appearance or worsening of varus alignment
during stance), is associated with incident and progressive
knee osteoarthritis, Sharma and colleauges undertook an
osteoarthritis initiative ancillary study. The incident osteo-
arthritis sample included 4187 knees (2610 persons); the
progression sample included 3421 knees (2284 persons). In
knees with osteoarthritis, thrust was associated with progres-
sion as assessed by each outcome measure, with adjustment for
age, gender, body mass index, and pain on the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) pain

subscale. In knees without osteoarthritis, varus thrust was not
associated with incident osteoarthritis or other outcomes. After
adjustment for alignment, the thrust—progression association
was attenuated, but an independent association persisted for
partial-grade JSN and JSW loss outcome models. WOMAC pain
and alignment were consistently associated with all outcome
measures. Within the stratum of varus knees, thrust was
associated with an increased risk of progression.

Arthr & Rheumato 2017; 69: 2136
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“No one can terrorize a whole nation, unless we are all his accomplices”

Edward R. Murrow, (1908-1965), American broadcast journalist



