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Contamination of revision procedures
in patients with adverse tissues reaction
to metal on metal implant
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Abstract. - OBJECTIVE: The aim of this study
is to evaluate the incidence of infections in MoM
total hip replacement revisions and to propose
a therapeutic algorithm that can reduce the on-
set of this complication.

Total hip arthroplasty is one of the most
successful procedures performed annually in
the world. As the population ages, the number
of primary arthroplasty procedures performed
each year is rising in conjunction with an in-
creasing revision burden. Metal on Metal (MoM)
total hip arthroplasties were reintroduced in
over the last fifteen years to meet these needs,
larger diameters, improved lubrication, better
stability, increased ROM and wear properties
of the bearing couple. These advantageous fea-
tures have led to an exponential diffusion of
MoM. Since over last decade, it has become ev-
ident that hip replacements with MoM bearing
have significantly higher revision rates com-
pared to those with Metal on Polyethylene. The
common pathway for this failure mode appears
to be increased wear or corrosion with exces-
sive release of metal ions and nanoparticles.
Complications such as elevated serum metal
ion levels, aseptic lymphocyte-dominated vas-
culitis-associated lesion (ALVAL) and pseudo-
tumours have all been well documented, but re-
cent studies suggest increased risk of infection
with MoM bearing surfaces.

PATIENTS AND METHODS: We collect data
from a cohort of 44 patients who underwent
revision of total hip arthroplasty between 2014
and 2017 for the complication of MoM bearing.
Studied by radiological images, blood tests, and
intraoperative clinical status, part of the popula-
tion was treated with one stage revision, while
the other was treated with a two-stage revision.

RESULTS: Results showed a difference in the
occurrence of infections in the two populations.

CONCLUSIONS: We consider it appropriate to
perform two-stage revision in all case of failure
of MoM replacement so as to allow to minimize
the likelihood of infection in patients with dam-
aged tissues by ALVAL, pseudotumour, and ne-
crosis that could create an ideal environment for
bacterial development.
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Introduction

Total hip arthroplasty (THA) is one of the
most successful procedures performed annually
in the world. As the population ages, the number
of primary arthroplasty procedures performed
each year is rising in conjunction with an in-
creasing revision burden. As patients live longer
and place higher demands on their prosthesis,
the choice of bearing surface is critical to the
longevity of the implant. One of the common
technologies utilized to optimize implant lon-
gevity has been the use of alternative bearings to
decrease wear at the primary articulation. Metal
on Metal (MoM) total hip arthroplasties were
reintroduced in over the last fifteen years to meet
these needs, larger diameters of these implants
appeared to improve the lubrification and wear
properties of the bearing couple. In addition, the
promise of better stability and increased range
of motion led to the widespread enthusiasm and
early clinical adoption of this technology. These
advantageous features have led to an exponential
diffusion of MoM with over 1 million implants
carried out between 1996 and 2007. Since 2008,
it has become evident from national joint registry
data that hip replacements and resurfacing with
Metal on Metal bearing have significantly higher
revision rates compared to those with Metal on
Polyethylene (MoP)'. Approximately 1 in 5 MoM
hip replacements will need revision 10-13 years
after they were implanted, with larger sizes (>
36 mm) ascribing higher risk. This is compared
with MoP implants, which are revised in less
than 4% of cases in 10 years after insertion'?. Af-
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ter companies’ recalls (Durom, Zimmer Biomet,
Warsaw, IN, USA and ASR, DePuy Orthopae-
dics Johnson & Johnson, Warsaw, IN, USA) the
number of MoM hip replacements has reduced
dramatically. MoM now accounts for less than
1% of all hip arthroplasty procedures in Australia
and UK'. The increased revision rates of MoM
hip replacements are related to adverse reactions
to metal debris released from the bearing surface
as the implant wears. The aim of the study is
to evaluate the incidence of infections in MoM
total hip replacement revisions and to propose a
therapeutic algorithm that can reduce the onset of
this complication.

Failure of Metal on Metal Replacement
and Adverse Reaction to Metal Debris

The particles generated by the MoM bearing
are significantly smaller (average size of 42 nm)
than a metal-on-polyethylene bearing (average
size of 0.21 um)**. Although the particle size
is smaller, the number of particles generated is
13-500 times greater and they have been found
to be more biologically active than other parti-
cles debris generated with conventional bearing®.
Component design, component position, metal
hypersensitivity, and female sex are risk factors
for elevated metal ion levels. Higher metal ion
levels in patients with cups positioned at greater
abduction angles (>55°) due to edge loading,
and they also noted the influence of compo-
nent design®. Many monoblock MoM acetabular
components were designed with less than 180°
coverage. Since these components were designed
to be less than a full hemisphere, cups placed
with an abduction angle of 45° would behave as
if they were in a more vertical position, leading
to increased edge loading, wear and circulating
metal ion levels. Additionally, early components
with narrow clearance on the perimeter can be
deformed with impaction causing failure of fluid
film lubrication and increased wear. Furthermore,
trunniosis (Figures 1, 2), defined as metal wear at
the head-neck junction of the total hip implant,
is an important contributor (along with wear to
metal particle release in metal-on-metal total
hip arthroplasty). Trunniosis occurs similarly in
modular MoM and MoP total hip replacements
as both head-neck junctions consist of metal on
metal surfaces.

Soft tissue inflammatory reactions to metal
debris are recognised complication of MoM hip
arthroplasty. These reactions have been called in-
flammatory pseudotumour, aseptic lymphocytic

Figure 1. Metal wear due to Trunniosis.

vasculitis associated lesion (ALVAL) and metal-
losis’. Inflammatory pseudotumour is the clinical
term given to an aseptic mass in the peripros-
thetic tissues that are either solid or cystic and
is associated with clinical, radiological or histo-
pathological signs of inflammation. It is thought
to develop as a result of an adverse reaction to

Figure 2. Particular modular of Trunniosis.
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Figure 3. Metallosis of periprosthetic tissue.

the metal ions released from the wear of a metal
articular bearing surface. ALVAL describes the
cellular changes that occur periprosthetically in
response to metal particles: cobalt and chromium
ions. The presence of this reactions is thought
to be proportional to the amount of wear debris
released, but also be observed in patients with
smaller amounts of wear debris®. Metallosis, de-
fined as aseptic fibrosis, local necrosis or loosen-
ing of a device secondary to metallic corrosion
and release of wear debris, is commonly found in
tissue samples from joints exhibiting an adverse
reaction to metal debris (Figures 3, 4). It has been
suggested that pseudotumours are on the same
pathological spectrum of desease as metallosis,
and will develop if given enough time®. Recent
research has suggested that all MoM bearing sur-
faces have a higher risk of developing infection
compared to other bearing surfaces’"'. It has been
postulated that the combination of metal debris,
ALVAL, pseudotumour formation, and necrotic
tissue provides a unique environment for the
bacterial proliferation in MoM implants'2.

Patients and methods

Between 2014 and 2017 forty-four patients
(29 male and 15 female, average age 64.7) with
MoM total hip arthroplasty undergoing revision
for persistent pain and dysfunction.

All patients were pre-operative studied with
blood tests (ESR, CRP and metal ion concentra-
tion) (Table I) and radiological imaging (plain
radiography, MRI with MARS technique and

Figure 4. Muscle degeneration due metal debris.

bone scintigraphy) (Figures 5, 6).

All patients had preoperative findings of AL-
VAL, pseudotumour or metal debris reaction.
Thirty-one patients had MoM bearing; thirteen
patients had an adverse reaction to metal debris
due to trunniosis.

Time from primary total hip arthroplasty to
revision range from 4 to 8 years. At the time of
revision surgery, periprosthetic tissue samples
were always sent for microbiological and ex-
temporaneous histological examination in order
to confirm the cause of implant failure. Patients
were treated with two different methods: from
the beginning of 2014 to the first half of 2015
twenty-three patients undergoing to one-stage
revision, from the second half of 2015 until
2017 twenty-one undergoing to two-stage revi-
sion. The patients were followed between 1, 3, 6
months and 1 year after revision. Pathological mi-
crobiology and laboratory markers for infection
were assessed. Post-operative treatment courses
were also reviewed.

Results

All samples sent for microbiological tests at
the time of revision were sterile. The histological
samples showed various conditions that included:
perivascular infiltration of lymphocytes, the pres-
ence of plasma cells and macrophages containing
metal particles and severe ulceration of tissue
surfaces and evidence of fewer lymphocytes,
but more macrophages and metal particles. All



Contamination of revision procedures in patients with adverse tissues reaction to metal on metal implant

Table I. Analyzed population.

Patient Head size (mm) ESR (2-12 mm/h) CRP (0-3 mg/L) Cr/Co (2-7 mcg/L)
1 44 14 9 6.5
2 40 7 2 4.8
3 32 10 2 7.2
4 40 15 6 53
5 38 14 4 6.9
6 44 2 2 8.1
7 42 18 12 4.1
8 32 14 7 3.7
9 44 13 4 5.2

10 46 18 5 6.3
1 40 22 7 5.4
12 36 6 2 9.3
13 42 2 0 7.2
14 44 6 1 8.7
15 40 2 0 7.5
16 36 13 5 7.3
17 32 4 2 5.7
18 42 11 2 8.3
19 38 16 4 5.6
20 46 3 1 73
21 48 12 3 5.1
22 46 13 7 6.7
23 42 8 2 8.4
24 38 14 6 5.5
25 44 26 16 4.9
26 44 14 3.9
27 36 8 0 7.6
28 46 20 10 3.8
29 44 18 8 4.5
30 32 10 3 5.8
31 32 16 6 4.1
32 42 32 8 7.3
33 40 18 7 6.1
34 46 20 5 7.5
35 32 24 10 8.1
36 38 22 12 7.2
37 46 8 2 4.4
38 38 14 5 6.1
39 36 15 7 9.7
40 32 18 6 5.2
41 46 16 6 43
42 36 4 2 6.3
43 32 18 5 4.8
44 38 20 15 7.9

patients treated with two-stage revision undergo-
ing to a new total hip arthroplasty after a range
from 4 to 8 weeks concurrently with a reduction
of ESR and CRP values. In this series, no pa-
tients developed an infection during subsequent

controls. In the series of patients treated with
one-stage revision, seven [patients 2, 5, 7, 11, 17,
18, and 23] (30%) developed an infection: four
patients within the first 6 postoperative weeks,
two patients after third postoperative month and
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Figure 5. X-ray in a patient with metal debris disease show-
ing no specific changes.

one after the fourth months. All of these had
groin pain with occasional radiation to the greater
trochanter, stiffness, reduced range of movement
and muscles weakness. Three of these presented
a panpipe with frank pus, the other four patients
presented only an increase of ESR and CRP with
swelling and reddening of the wound. Samples
were taken by hip joint aspirate and swabs from
panpipes and showed: three cases Streptococcus
hemolytic, two cases Staphylococcus epidermid-
is and two MRSA Staphylococcus. Infections
occurred into the first 6 weeks post-operative
were treated with irrigation, debridement, bear-
ing exchange and specific antibiotic therapy. In-
fection occurred at three and four postopera-
tive months were treated with hip replacement
removal, antibiotic-loaded spacer, and specific
antibiotic therapy. When all inflammation values
were negativized patients undergoing to new total
hip arthroplasty.

Mann Whitney U test showed a statistically
significant correlation between the values of ESR
and CRP in the population treated with one-stage
revision compared to that treated with two-stage
revision (Figures 7, 8).

Discussion

The concern over adverse metal reactions and
soft tissue pseudotumors in patients undergoing
metal bearing hip arthroplasty continues to grow.
Reports to date have been the mostly single case
or case series, but Glyn-Jones et al'® presented
a large series of patients undergoing revision of
MoM total hip arthroplasty and found a 1.8%
revision rate for pseudotumour alone. In their
series, Kaplan Meier curves showing cumulative
revision rate for pseudotumor increased with
time, to as high as 4% at eight years.

It has also been found that infection in the face
of adverse local tissue reaction after MoM total
hip arthroplasty may be challenging to properly
diagnose and treat given the overlap of symptoms,
signs and laboratory values in both processes'™.
Despite the similarities in clinical presentation,
the treatment strategies for these two clinical con-
ditions are usually quite different. The accuracy
of the diagnosis is important in optimizing patient
outcome after revision. In general, the infection
rate for the traditional (ceramic/polyethylene) bear-
ing is around 1%. The overall infection rate for
metal on metal THA has also been shown to have
an incidence of 1% or less'>!, Symptoms and signs
of infection should be similar for both traditional
bearings and metal bearings particularly in the

Figure 6. MRI with MARS technique showing a pseudotumour in the medial region of the leg.
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Figure 7. Relationship between ESR values and rate of in-
fection in the two patients’ populations.

absence of any adverse local soft tissue reactions.
Patients presenting with an adverse soft tissue re-
action and/or pseudotumor typically present with
pain, usually located in the groin, with occasion-
al radiation to the greater trochanter and down
the tight, stiffness, reduced range of movement,
abductor weakness and even rash as reaction to
metal ions. This pain will often cause patients
to adopt an antalgic gait, over time, this may
progress to instability with or without dislocation
and patients may complain of clicking or clunk-
ing sensations in the hip along with radiographic
findings of a cystic mass. This presentation may
be difficult to differentiate from infection'. The
standard evaluation to diagnose an infected ar-
throplasty includes serum ESR and CRP values,
and if these are elevated or suspicion is high, a hip
joint aspiration sent for white total nucleated cell
count and differential (PMN percentage in partic-
ular), furthermore bacterial culture with sensitivity
testing. Leukocyte scintigraphy and the improved
version of the technique — combined leukocyte/
bone marrow scintigraphy — have been proposed
as the gold-standard technique for the diagnosis of
infection. The technique is most useful for identi-
fying neutrophil-mediated inflammatory process-
es, such as distinguishing between an infected
prosthesis and an aseptically loosened prosthesis,
in which neutrophils are generally absent'”'s. Al-
though leukocyte scintigraphy and leukocyte/bone
marrow scintigraphy demonstrate the outstanding
capability for the diagnosis of PJI, there are defi-
nite limitations to these techniques. Radiolabeled
leukocytes are less effective in non-neutrophilic
processes, such as tuberculous infections!”'®!%, In

Figure 8. Relationship between CRP values and rate of in-
fection in the two patients’ populations.

chronic, long-standing infections, the neutrophil
recruitment is less evident. The bacterial biofilm
retards the invasion of labeled leukocytes into
the infected area and a longer time is needed for
white cell accumulation. For this reason, a delayed
imaging at 24 h is more preferable when using
leukocyte imaging for the detection of prosthesis
joint infection; finally, one major disadvantage of
leukocyte scintigraphy is that leukocytes accumu-
late not only in the infected area but also in the
bone marrow. Non-specific the ESR and CRP are
good indicators of systemic inflammation when
elevated. The joint aspiration is a more accurate
test for the diagnosis, but false positives and neg-
atives do occur, as well an inability to obtain fluid
on occasion. Hip aspirates with a total nucleated
cell count greater than 4200 cells/ml and greater
than 80% PMN if taken in isolation or with a total
nucleated cell count > 3000, if both ESR and CRP
are elevated above 30 mm/hr and 10 mg/dl respec-
tively, have a high probability of being infected. A
positive culture from the hip aspirate is the gold
standard for pre-operative diagnosis of infected
THA, but it can take as long as 5-10 days to grow?.
Gross purulence and positive intra-operative tissue
culture then become the final test used to confirm
or refute infection.

It is now being recognized, however, that many
of these preoperative laboratory values may also
be abnormal in MoM hips with local tissue re-
lations but without infection. In our population,
ESR and CRP were elevated in twenty-six patients
(59%) without infection, and the total nucleated
cell count was highly elevated in all uninfected
hips. This considerable overlap can make obtain-
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ing an accurate diagnosis and choosing the optimal
treatment quite challenging. Differentiating the
two processes as being separate or concomitant
is critical since isolated local soft tissue reactions
can often be treated with revision of the bearing
surface only to a non-metal alternative; but for
infection, irrigation and debridement with specific
antibiotics or more commonly two-stage revision
of the entire prosthesis may be necessary.

In the current series, 30% (7/23) of patients
treated with one stage revision developed a
post-operative infection between 6 weeks and
4 months. This ratio is much higher than that
reported for either traditional bearing or MoM
bearings without evidence of a local soft tissue
reaction. Prior to this series, concomitant in-
fection and local soft tissue reaction had been
described in a single case report by Watters et
al'’. In this case, the presentation and treatment
of a patient with concomitant local soft tissue
reaction and local infection is described. This
rate of coinfection is also presumably higher than
those patients found to be infected at the time of
revision for polyethylene wear.

The intraoperative observational evaluation
also has the potential to be reliable in distinguish-
ing infection from isolated local soft tissue reac-
tions. Common are the findings of metal staining
of soft tissue, cystic masses, large exudates, and
tissue necrosis. In the current series, the patholog-
ical evaluation is consistent with previous descrip-
tions of pseudotumour and local metal reactions?'.
In our infected patients, a pathology reading of the
intraoperative frozen section of “acute inflamma-
tion” (>5 WBC per hpf in multiple fields) seemed
to be the most predictive descriptor of infection as
five of the seven patients had this present.

Finally, the prevalence of uncommon infective
agents in our series was also felt to be unusual.
Streptococcus has occasionally been implicated
in concomitant infection in local metal reaction,
but it is not among the more common agent iso-
lated from infected total hip arthroplasties. This
finding may certainly be due to the small number
of patients but the predilection for infection with
atypical agents in the face of soft tissue metal
reaction cannot be excluded.

Conclusions
It’s important to consider clinical examina-

tion findings, blood test results, and radiologic
investigations when determining the likelihood

of failing prosthesis. Revision should be con-
sidered when symptoms become persistent, un-
manageable, and progressive. Furthermore, any
patient exhibiting progressive osteolysis, large
or expanding pseudotumours or excessively high
metal ion concentrations should also be consid-
ered for revision surgery. We consider it appro-
priate to perform two-stage revision in all case
of failure of MoM replacement so as to allow to
minimize the likelihood of infection in patients
with damaged tissues by ALVAL, pseudotumour,
and necrosis that could create an ideal environ-
ment for bacterial development.
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