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 The histopathological examination of the periprosthetic
soft tissue and bone has contributed to the identification
and description of the morphological features of adverse
local tissue reactions (ALTR)/adverse reactions to metallic
debris (ARMD). The need of a uniform vocabulary for all
disciplines involved in the diagnosis and management of
ALTR/ARMD and of clarification of the parameters used in
the semi-quantitative scoring systems for their classification has been considered a pre-requisite for a meaningful
interdisciplinary evaluation.
 This review of key terms used for ALTR/ARMD has resulted
in the following outcomes: (a) pseudotumor is a descriptive term for ALTR/ARMD, classifiable in two main types
according to its cellular composition defining its clinical
course; (b) the substitution of the term metallosis with
presence of metallic wear debris, since it cannot be used
as a category of implant failure or histological diagnosis;
(c) the term aseptic lymphocytic-dominated vasculitisassociated lesion (ALVAL) should be replaced due to the
absence of a vasculitis with ALLTR/ALRMD for lymphocytic-predominant and AMLTR/AMRMD for macrophagepredominant reaction.
 This review of the histopathological classifications of
ALTR/ARMD has resulted in the following outcomes:
(a) distinction between cell death and tissue necrosis;
(b) the association of corrosion metallic debris with

adverse local lymphocytic reaction and tissue necrosis;
(c) the importance of cell and particle debris for the
viscosity and density of the lubricating synovial fluid;
(d) a consensus classification of lymphocytic infiltrate
in soft tissue and bone marrow; (e) evaluation of the
macrophage infiltrate in soft tissues and bone marrow;
(f) classification of macrophage induced osteolysis/
aseptic loosening as a delayed type of ALTR/ARMD;
(g) macrophage motility and migration as possible driving factor for osteolysis; (h) usefulness of the histopathological examination for the natural history of the adverse
reactions, radiological correlation, post-marketing surveillance, and implant registries.
 The review of key terms used for the description and histopathological classification of ALTR/ARMD has resulted in a
comprehensive, new standard for all disciplines involved
in their diagnosis, clinical management, and long-term
clinical follow-up.
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Background
Orthopaedic implants have been invented and used on
millions of patients to restore mobility primarily for hip
and knee joint replacement with remarkable changes of
the materials used since their inception in the late 19th
century.1–4 The evolution of implants with the use of different materials has led to the design of prosthetic devices
for other joints, such as shoulder, elbow, wrist, ankle, and
small joints of the hands and feet.5–9 Surgical pathologists, mainly through the use of the histopathological
examination of the periprosthetic soft tissue and bone,
have been instrumental to wear particle identification,
description and semi-quantitative classification10–13 and to
the description and classification of cellular responses to
implant wear debris for several decades.14–16 Histopathological examination has also significantly contributed to
the interdisciplinary assessment of mechanisms of orthopaedic implant fixation and failure with host response in
the periprosthetic tissues.17–19
More recently, histological examination has contributed to the identification and description of the morphological features of an immunologically mediated reaction
defined as aseptic failure due to a lymphocytic-dominated
vasculitis associated lesion (ALVAL),20 later expanded to
adverse local tissue reactions (ALTR)21 and adverse reactions to metal debris (ARMD)22 associated with metalon-metal (MoM) hip resurfacing arthroplasty (HRA) and
MoM small head (SH) and large head (LH) total hip arthroplasty (THA) with/without metallic adapter sleeve (MAS)
and non-MoM THA implants with metal-on-polyethylene
(MoP), ceramic-on-polyethylene (CoP), and ceramic-onceramic (CoC) bearing surface with various head/neck
junctions and CoCr dual modular neck (DMN), in two
types coupled with a TMZF (Ti, Mo, Zr, Fe) stem.20,23–29
This body of work for hip implants can also be applied to
all other joint replacements with metallic junctions.
The histopathological examination has been, for decades, the only tool available, through conventional light
microscopy and later also by the use of transmission and/
or scanning electron microscopy (TEM/SEM), for the
description of the types of cells involved in the host reaction and their relationship to the particulate materials.30
More recently, the development of immunohistochemistry, immunofluorescence, and molecular techniques
has contributed to a more refined understanding of the
adverse tissue reactions and of the underlying mechanisms of cellular response.31–35 The collection of appropriate fresh tissue and synovial fluid at surgery followed
by standard histopathological examination of paraffinembedded tissue are still fundamental for the successful
performance of any subsequent in-depth analysis.36
Surgical pathologists have also been responsible for a
large part of the terminology used to describe the ALTR/
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ARMD. Some terms have been incorrectly used, which
has led to confusion in the scientific literature with uncertainties regarding their clinical and biological significance
for diagnostic classification, clinical follow-up, and surveillance. The need for the development of a uniform
vocabulary for all disciplines involved in the diagnosis
and management of ALTR/ARMD and of clarification of
the parameters used in the proposed semi-quantitative
scoring systems for its classification has been recently
emphasized.37
The aims of this review article on the histopathology of
ALTR/ARMD are: (a) fill the current gap regarding a consistent terminology through the analysis of key pathological and clinical terms commonly used in the description of
ALTR/ARMD; (b) summarize and critically analyse the current parameters which have been used for the histological
classifications of ALTR/ARMD and the implications for clinical practice and surveillance; (c) enable a comprehensive
evaluation of the terminology and classification used for
the histopathological examination and its limitation in the
assessment of the medium- and long-term local and systemic effects of the ALTR/ARMD; (d) propose a consensus
terminology as a tool for minimizing contradictory results
regarding the post-marketing analyses of orthopaedic
implants by clinicians, regional and national implant registries, regulatory authorities, and manufacturing industry.

Methods
The cases described in this study were selected by two
orthopaedic pathologists with extensive experience and
scholar publications on periprosthetic tissue examination
(GP, VK) with consensus agreement on the histological
diagnosis. All pictures were taken with the use of a microscope camera (Zeiss Axioskop 40, Jenoptik ProgRes, Jena,
Germany). The system was calibrated using a standard
micrometre glass slide with 1 mm horizontal scale, 100
divisions –10µm intervals. All measures shown in the figures were taken using a calibrated eyepiece 5 mm, 100
divisions reticle.

ALTR/ARMD terminology
It is important to emphasize that both the acronyms ALTR
and ARMD represent an umbrella term which is used
clinically for a cohort of symptoms and radiological findings usually obtained by ultrasound, magnetic resonance
imaging scans (MRI), and computerized axial tomography
scans (CT) leading to the preoperative diagnosis of suspected adverse reaction to particulate wear debris. The
terms ALTR/ARMD can also be used in the histopathological diagnosis, although they do not represent a specific
diagnosis and need to be associated with the description
of the types of inflammatory cells present in the reaction.

Pathology of adverse local tissue reactions

In this review, the terms ALTR and ARMD are used as
equivalent for the cases of MoM HRA and THA implants
which, by definition, can produce only metallic wear
debris, and also for non-MoM prostheses with metallic junctions in which corrosion metallic wear debris is
confirmed by histological/biomechanical examination.
ALTR/ARMD such as osteolysis can also be associated with
implant wear debris from other materials used for bearing
surfaces in arthroplasty.
Three major features of ALTR/ARMD were identified as
in need of a re-evaluation of the descriptive terminology
used with a discussion of its implications for clinical evaluation, prognosis, and follow-up of the affected patients:
pseudotumor, metallosis, and cell death and periprosthetic soft tissue/bone necrosis.
Pseudotumor

The use of the term pseudotumor for periprosthetic soft
tissue reaction in total joint replacement can be found at
least since the late 1980s38,39 and was re-introduced in
200823 as a generic term to describe the periprosthetic
soft tissue masses of variable size and content as a distinctive feature of ALTR/ARMD associated with the second
generation of MoM implants.
A pseudotumor can be descriptively defined at macroscopic examination of the collected specimen as follows:
a mass of variable size formed by the reactive proliferation
of the joint pseudocapsule and neo-synovial membrane
ranging from flat to cobblestone or papillary/polypoid
configuration, with or without a layer of tissue necrosis/
infarction and containing a variable amount of synovial
fluid (present only if submitted separately after aspiration). A secondary, extracapsular pseudotumor with variable wall thickness and amount of fluid can be present with
bursal involvement, in the majority of cases trochanteric
but also of the iliopsoas region, due to the dehiscence of
the synovial fluid through the detachment of the pseudocapsule. The wall of a pseudotumor is usually composed
of an inner layer of residual native synovium not excised
at primary surgery and/or newly formed synovium (neosynovium/pseudocapsule) and of an outer layer of preexisting connective tissue (capsule) of variable thickness.
The fluid component varies in colour (brownish/greenish/
pale to charcoal grey) and density ranging from watery
to creamy depending mainly on the type of wear particles generated and the amount of exfoliated necrotic
cell debris with the possible addition of blood products
secondary to haemorrhage/chronic bleeding. The neosynovial proliferation can be non-homogeneous around
the cavity and can be more florid in locations where the
particles of implant wear debris are generated and/or
accumulated.
The term pseudotumor has been mistakenly used as a
synonym for the lymphocytic-dominated type of ALTR/

ARMD reaction associated or not with a variable degree of
soft tissue/bone necrosis originally described as ALVAL.20
However, the biological behaviour of a pseudotumor is
dependent on the cell composition of the inflammatory
infiltrate which can significantly influence its shape, size,
wall thickness, and amount of fluid content.
Pseudotumors develop as intracapsular and/or extracapsular (bursal) masses and can be separated into two
major categories:
Type I (early onset ALTR/ARMD) is characterized by a
brisk reactive fibrovascular proliferation of the pseudocapsular/neo-synovial wall with or without effusion, which,
in addition to the macrophage infiltrate with metallic particulate debris, requires the presence of a florid interstitial/perivascular lymphocytic component with possible
addition of eosinophils, mast cells, plasma cells, neutrophils, and perivascular lymphocytic germinal centres in
various combinations, as described in several publications
of histopathological analysis.24–29,31,32 This type of ALTR/
ARMD may eventually progress to an advanced/endstage of ALTR/ARMD of the adverse reaction with soft tissue necrosis with or without skeletal muscle and tendon
involvement.
Type II (late onset ALTR/ARMD), characterized by a slow
reactive proliferation of the pseudocapsular/neo-synovial
wall with or without effusion with presence of an almost
exclusive infiltrate of particle-laden macrophages and
fibrovascular stromal proliferation with minimal interstitial/perivascular lymphocytic component and absence or
presence of a variable degree of macrophage infiltration
of the bone marrow which can lead to clinically significant
periprosthetic osteolysis with aseptic loosening of implant
components.29,32
Examples of intracapsular and extracapsular Type I and
Type II pseudotumors are provided in Fig. 1 to Fig. 4.
Intracapsular Type I pseudotumor is shown in Fig. 1.
Macroscopic polypoid configuration is evident (Fig. 1a)
with corresponding tissue section, 11 mm thick (Fig. 1b,
upper-left corner), composed of superficial macrophage
infiltrate with marked interstitial lymphocytic infiltrate
(Fig. 1c) and macrophages containing metallic wear
debris from another area (Fig. 1c, inset). The tissue section of similar thickness in the lower-right corner (Fig. 1b)
shows a more advanced stage of the adverse reaction with
a superficial zone of necrotic soft tissue and underlying
band of macrophage/lymphocytic infiltrate (Fig. 1d).
Intracapsular Type II pseudotumor is shown in Fig. 2.
Papillary configuration is evident at macroscopic examination (Fig. 2a) and in the tissue section, 10 mm thick,
with pseudocyst formed by invagination of the neosynovium (Fig. 2b), shown in detail with abundant exfoliation of necrotic macrophages (Fig. 2c), also shown
at higher magnification (Fig. 2d). Extensive bone marrow involvement by particle-laden macrophage infiltrate
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Fig. 1 Pseudotumor, solid, intracapsular. (a) Polypoid/papillary pattern of the neo-synovium, 6 × 4 × 1.2 cm in greatest dimension.
(b) Two histological sections from the neo-synovium showing polypoid hypertrophy with maximum thickness of 12 mm (black bar)
of the upper tissue section and flat surface with maximum thickness of 10 mm (black bar) of the lower tissue section. (c) Detail of
the area in the square box of the upper tissue section in b showing marked, interstitial lymphocytic infiltrate (H&E × 100). (d) Detail
of the area in the square box of the lower tissue section in b showing superficial soft tissue necrosis above the black line and deep,
predominantly lymphocytic inflammatory infiltrate (H&E × 50). The case is of a MoM LHTHA with CoCr MAS, implanted for 38
months, revised for hip pain with serum levels of Co 5.6 μg/L and Cr 4.2 μg/L. MRI demonstrated moderate wear-induced synovitis
with low-intensity signal, consistent with metallic debris. There was fluid arising from the hip joint, which decompressed into the
iliopsoas bursa, displacing the femoral nerve fascicles. There was no evidence of osteolysis.
Note. H&E, haematoxylin and eosin; MoM, metal-on-metal; LHTHA, large head total hip arthroplasty; Co, cobalt; Cr, chromium; MAS, metallic adapter sleeve;
MRI, magnetic resonance imaging.

(Fig. 2e) is evident in the femoral head (inset) with disruption of the bone/implant interface surface proximally. The
erosion of the bone interface by macrophage substitution
is evident at higher magnification (Fig. 2f).
Extracapsular Type I pseudotumor is shown in Fig. 3.
Cross-section of the open bursa shows necrotic papillary
lining surface (Fig. 3a) with corresponding tissue section,
12 mm thick (Fig. 3 b). The wall shows full thickness tissue necrosis and deep-seated macrophage/lymphocytic
inflammatory infiltrate (Fig. 3c), predominantly composed
of lymphocytes and numerous eosinophils (Fig. 3d) with
presence of a large aggregate of multi-layered corrosion
products shown in inset.
Extracapsular Type II pseudotumor is shown in Fig. 4.
The bursa shows a thin wall (Fig. 4a) with corresponding
tissue section in the upper-left corner, 4 mm thick (Fig.
4b) and tissue section from the periprosthetic capsule
of similar thickness in the lower-right corner (Fig. 4b).
Details of the bursal wall show haemorrhagic, organized
fibrinous exudate and macrophage infiltrate formation
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of cholesterol crystals (Fig. 4c) and a large aggregate of
green corrosion metallic particle from a different area
shown in inset. The section of the periprosthetic neosynovium shows more abundant haemorrhagic, organized fibrinous exudate and a fibrotic wall (Fig. 4d) with
macrophage infiltrate containing metallic particles and
hemosiderin deposits shown in inset.
In both cases of extracapsular pseudotumors, the histological features of the bursal neo-synovium where similar
to those observed in the intracapsular soft tissue.
Bursal expansions (bursitis) are considered ALTR/ARMD
clinically only if a connection between the joint capsule
and the bursa is identified in the radiological studies. At
histological examination, the presence of particle-laden
macrophages and/or the presence of large aggregates of
metallic particulate debris confirm the origin of the reaction from the joint fluid through the disruption of the capsular attachments.
The assumption that the mere presence of a mass
defined as pseudotumor at radiological examination is

Pathology of adverse local tissue reactions

Fig. 2 Pseudotumor, solid with pseudocysts, intracapsular. (a) Papillary and polypoid pattern of the neo-synovium, 6 × 5 × 1 cm
in greatest dimension. (b) Histological sections from the pseudocapsule with maximum thickness of 11 mm (black bar) and large
pseudocyst (black arrow). (c) Detail of the area in the black box in b showing marked macrophage infiltrate with large amount of
exfoliation of necrotic forms (H&E × 100). (d) Higher magnification of the macrophage infiltrate (H&E × 50). (e) Macrophage infiltrate
in the femoral head cancellous bone with disruption of the interface membrane indicated by a black arrow (H&E × 200) as shown in
the macroscopic image of the femoral head (white arrow). (f) Higher magnification of the macrophage infiltrate in the black box area
in e showing high content of particulate metallic debris in the soft tissue with numerous needle-shaped particles (H&E × 400). The
case is of a MoM HRA, implanted for 60 months, revised for serum levels of Co 27.2 μg/L and Cr 21.2 μg/L. MRI showed minimal nonspecific synovial expansion, without evidence of severe adverse local tissue reaction to metallic wear debris.
Note. H&E, haematoxylin and eosin; MoM, metal-on-metal; HRA, hip resurfacing arthroplasty; Co, cobalt; Cr, chromium; MRI, magnetic resonance imaging.

diagnostic of the lymphocytic-dominated type of ALTR/
ARMD is misleading because Type I and Type II pseudotumors can present with similar size and morphological
features as shown in Figs. 1 to 4, and its definition cannot include a reliable threshold value for volume and wall
thickness for the distinction of the two types. The amount
of fluid content can be a significant component of its size
which can vary during the implantation time; however, it
is not as relevant as the cell composition of the infiltrate
for the biological behaviour of the lesion. Prevalence of

pseudotumors/ALTR/ARMD has been found to be high in
MoM HRA and MoM LHTHA implants even in asymptomatic patients and well-functioning implants in several
reports40–43 and also in MoM SHTHA44,45 without detectable change in size or progression to soft tissue/skeletal
muscle necrosis and/or neurovascular impingement. The
main reason is because they are of Type II category and
that progression/transformation from a macrophage reaction to a predominant lymphocytic type is usually not
part of its clinicopathological course.29 The predominant
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Fig. 3 Pseudotumor, mixed solid and cystic, extracapsular. (a) Trochanteric bursa, 12 × 10 × 8 cm with necrotic wall and papillary,
necrotic neo-synovium (white arrow). (b) Histological section of the area in the black box in a showing wall thickness of 12 mm
(black bar) and necrotic papilla (black arrow). (c) Detail of the bursal wall in the black box in b shows tissue necrosis and a large band
of predominant lymphocytic infiltrate (H&E × 40). (d) Detail of the inflammatory infiltrate shows presence of numerous eosinophils
indicated by black arrows (H&E × 400) and a large aggregate of greenish microplates of metallic corrosion particle aggregates
alternating with red layers of blood products in inset (H&E × 200). The case is of a non-MoM THA with CoCr DMN and TMZF stem,
implanted for 68 months, with pain in the gluteal area 13 months before revision and pseudotumor identified on MRI study after
onset of symptoms. Serum levels of Co and Cr were not performed.
Note. H&E, haematoxylin and eosin; MoM, metal-on-metal; THA, total hip arthroplasty; CoCr, cobalt-chromium; DMN, dual modular neck; TMZF, Ti, Mo, Zr, Fe;
MRI, magnetic resonance imaging.

medium- or long-term risk of ALTR/ARMD in this group
is represented by the onset of bone marrow involvement
by macrophage infiltrate with eventual osteolysis/implant
loosening.30 A comparison of the incidence of fluid collections or pseudotumors between MoM HRA and CoP THA
has also been investigated using MRI46 or CT,47 showing
a high prevalence also in non-MoM bearing surfaces. Histopathological and/or biomechanical analysis would be
valuable to evaluate the possible clinical/biological importance of this finding, either for implant revision or for longitudinal follow-up.
The implications of the histopathological classification of pseudotumors in intracapsular and extracapsular
Type I and Type II for correlation with the radiological
studies (MRI, CT and ultrasound) are discussed in detail
in Appendix I (see Supplementary Material link at the
end of the article).
In summary, it is proposed that the term pseudotumor
cannot be used as synonymous with ALTR/ARMD and not
as a distinct category for any analysis of ALTR/ARMD. We
have shown that Type I and Type II pseudotumors, either
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intracapsular or extracapsular, can be identified only by
histopathological examination because the classification
depends on the cellular composition of the inflammatory
infiltrate and that Type II does not usually evolve in Type I
during its clinicopathological course.
Metallosis

The term metallosis has been used at least since the early
1960s48 without too much scrutiny regarding its clinical
and biological significance. It has been applied in general
to accumulation of metallic wear debris in periprosthetic
tissue of large and small joints and also metallic fixation
devices.49–54 In arthroplasty, it has usually been described
in case reports of a large amount of metallic wear debris
in the synovial fluid/periprosthetic soft tissue secondary
to catastrophic failure of implant components with toxic
effects in various organs and systems generated by an
extremely high blood concentration of metallic ions and
in particular cobalt.55 It has been used to describe metal
debris usually from conventional wear due to friction by
abrasion/adhesion/erosion, third-body wear, and also from

Pathology of adverse local tissue reactions

Fig. 4 Pseudotumor, predominantly cystic, extracapsular. (a) Trochanteric bursa, 9 × 7 × 5 cm. (b) Wall of the bursa is shown in the
upper section with 4 mm thickness (black bar) and wall of pseudocapsule is shown in the lower section with 4 mm thickness (black
bar). (c) Detail of the area of the bursal wall in the small black box in b shows macrophage infiltrate with giant cells and formation
of cholesterol crystal clefts (black arrow) and surface haemorrhagic exudate admixed with necrotic cell debris indicated by a blue
arrow (H&E × 100) and a large, greenish microplate of corrosion metallic particles in inset (H&E × 200). (d) Detail of the area of the
pseudocapsule in the large black box in b shows a similar configuration without presence of lymphocytic infiltrate and a thicker
surface layer of haemorrhage and necrotic cell debris, indicated by a blue arrow (H&E × 50) with macrophage infiltrate containing
metallic particles and haemosiderin deposits in inset (H&E × 400). The case is of a MoM LHTHA without MAS, implanted for 106
months, with symptoms of fullness in the gluteal area three months before revision and extracapsular pseudotumor identified on CT
scan performed for unrelated abdominal pain. Serum levels of Co and Cr were not performed.
Note. H&E, haematoxylin and eosin; MoM, metal-on-metal; LHTHA, large head total hip arthroplasty; MAS, metallic adapter sleeve; CT, computerized
tomography; Co, cobalt; Cr, chromium.

movement of loosened components in failing prostheses.
These modes generate unintended wear debris resulting
in increased local and systemic concentrations of metallic
ions, predominantly chromium and cobalt with presence
of a lesser amount of titanium and molybdenum.56 On
radiographs it has been described as a ‘cloud’, ‘bubble’,
and ‘metal-line’ sign, all consisting in various shapes of
increased radiodensity in the periprosthetic soft tissue,56–59
on CT as soft tissue masses with radiointense walls60 and
on MRI studies as intra- and extracapsular soft tissue and
bone marrow deposits of hypointense regions in protondensity weighted acquisitions.61,62 At surgery, metallosis is
defined by the macroscopic appearance of periprosthetic
tissue and/or synovial fluid of greyish to jet-black colour.63
At histopathological examination, metallosis cannot
be considered a diagnostic entity because it is defined
only by the presence of a variable amount of conventional/corrosion metallic wear debris in the joint fluid,
periprosthetic soft tissue and/or bone marrow without

any measurable threshold as for the particulate wear
debris of all other materials used in arthroplasty. A reliable measurement can be obtained only through quantification of total metal content per gram of dry tissue,
although a range of values should be expected because
of possible tissue selection and sample preparation/
selection bias.64,65 The definition of metallosis has more
recently been expanded for the second generation of
MoM HRA and THA implants with the addition of general
terms such as taperosis, metallosis after hip resurfacing,
modular neck metallosis66 and later also trunnionosis for
non-MoM implants with cobalt-chromium (CoCr) head
and titanium (Ti) stem, without making a clear distinction between conventional and corrosion metallic wear
and therefore adding uncertainty to its clinical significance. In addition, metallic debris can also be generated
by fixation devices, such as broken metallic screws, indistinguishable from metallic wear debris both radiologically and histologically.
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Fig. 5 Metallosis. (a) Macrophage infiltrate containing predominantly micro-particulate and occasionally macro-particulate (black
arrows) conventional metallic debris in a case of MoP THA after 312 months of implantation with impingement of femoral neck/
acetabular cup (H&E × 200) with formation of papillary, charcoal grey neo-synovium in inset. (b) Macrophage infiltrate in the bone
marrow containing predominantly greenish/black, globular tribocorrosion aggregates/agglomerates of metallic nanoparticles
and greenish/black needle-shaped metallic particles (black arrows), in a case of MoM HRA revised after 49 months of implantation
with serum level of Co 71 μg/L and Cr 70 μg/L (H&E × 200); the bone surface is charcoal grey and partially lined by a cement cap
indicated by a black arrow (upper-right inset) and the particle infiltrate showing electron-dense needle-shaped particles (white
arrows) were rich in Co by TEM/SEM analysis (lower-right inset × 25000). (c) Macrophage infiltrate containing greenish/brownish
tribocorrosion metallic particles and black metallic particles by mechanically assisted fretting/crevice corrosion, in a case of MoM
LHTHA with CoCr MAS revised after 132 months of implantation with serum level of Co 84 μg/L and Cr 44 μg/L (H&E × 200);
non-oxidized Ti-rich fragment is indicated by a black arrow (upper-right inset, H&E × 200) and larger, electron-dense particles
(white arrows) were composed of CoCrTi by TEM/SEM analysis (lower-right inset × 20000). (d) Macrophage infiltrate containing
scattered, irregular particles of greenish metallic particles by mechanically assisted fretting/crevice corrosion in a case of non-MoM
THA with CoCr DMN and TMZF stem revised after 35 months of implantation with serum level of Co 7μg/L and Cr 5 μg/L and
interstitial deposits of green microplates (thin black arrow) and green/black microplates (thick black arrow), shown to be aggregates/
agglomerates of nanoparticles of co-localized metals (Co, Cr, Mo, Ti, Fe) by TEM/SEM analysis (inset × 50000).
Note. MoP, metal-on-polyethylene; THA, total hip arthroplasty; H&E, haematoxylin and eosin; MoM, metal-on-metal; HRA, hip resurfacing arthroplasty; Co,
cobalt; Cr, chromium; TEM/SEM, transmission electron microscopy/scanning electron microscopy; LHTHA, large head total hip arthroplasty; MAS, metallic
adapter sleeve; Ti, titanium; DMN, dual modular neck; TMZF, Ti, Mo, Zr, Fe; Mo, molybdenum; Fe, Iron.

Four cases diagnosed as metallosis at MRI examination
and/or at surgery for different hip implants configurations
are shown in Fig. 5. A case of MoP THA is shown Fig. 5a,
with macrophage infiltrate containing predominantly
micro-particulate and occasionally macro-particulate conventional metallic debris with formation of papillary, charcoal grey neo-synovium shown in inset. A case of MoM
HRA is shown in Fig. 5b with macrophage infiltrate involving bone (osteolysis) with presence of tribocorrosion and
conventional metallic particles by edge loading which confer a charcoal grey colour to the bone marrow of the femoral head (upper-right inset) and appear homogeneously
greenish at microscopic examination secondary to oxidation during decalcification and haematoxylin and eosin
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(H&E) staining, although clearly distinct by different electron density at TEM examination (lower-right inset). A case
of MoM LHTHA with CoCr MAS is shown in Fig. 5c with
large wear particle aggregate with black titanium component generated at the adapter sleeve/femoral neck taper
junction in the upper-right inset, with different particle size,
shape and electron density confirmed by TEM analysis in
the lower-right inset. A case of non-MoM THA with CoCr
DMN and TMZF stem is shown in Fig. 5d. In this instance,
the neo-synovium does not show greyish/black colour and
the corrosion metallic wear is generated only at the dual
neck/stem interface with formation of large greenish aggregates of metallic nanoparticles in the periprosthetic soft tissue, confirmed by TEM/SEM analysis shown in inset.

Pathology of adverse local tissue reactions

The presented cases illustrate the complexity of the
morphological and chemical features of the metallic
wear debris and its ramifications in the understanding
of the associated biological reactions. The consideration
of metallosis in the MoM hip configuration as a distinctive diagnostic category is puzzling, since no other type
of wear debris is possible and therefore all cases should
be considered affected by a variable degree of metallosis.
Moreover, the greyish-black colour of the synovial fluid
and soft tissue used at surgery as the clinical/surgical criterion for the diagnosis applies only to conventional metallic particles rich in Co, Ti, and Zr generated by abrasion/
adhesion/erosion, whereas Cr and Cr orthophosphate
metallic particles generated by tribocorrosion or mechanically assisted crevice/fretting corrosion are oxidized in the
synovial fluid and within the macrophages appear yellowish/greenish both at macroscopic examination and at light
microscopy.13 Although at histological examination particles generated by abrasion and impingement (Fig. 5a),
tribocorrosion and edge loading (Fig. 5b), and predominantly mechanically assisted crevice/fretting corrosion
(Fig. 5c, d) can share similarities of size and shape, at TEM/
SEM analysis the particles generated at the modular junctions by corrosion modes are usually aggregates/agglomerates of nanoparticles mixed with organic material/fluid
proteins forming complex particulate material of any size
and shape (Fig. 5c, d). The formation of these aggregates
was underestimated and not considered of major concern
for host biological reactions at the time of implant design,
approval process by regulatory authorities, marketing,
and post-marketing short-term surveillance.
Since either conventional or corrosion metallic wear
can be present in the same tissue in variable proportions during implantation time ranging from nanometres
to microns and composed of a single metal or multiple
metals in various combinations,67–69 the chemistry of
metallic particles from implant wear with the use of an
analytical technique such as the recently described multiscale two-dimensional X-ray absorption spectroscopy
(XAS) mapping can represent an additional, important
contribution to the understanding of the biological reactions.70 Accumulation of metallic particulate debris can
also occur as an end point after multiple implant revisions
with different materials, as shown in a case report with
elemental analysis in which substantial in vivo exposure
to particulate and dissociated tantalum, zirconium, chromium, cobalt, molybdenum, titanium, aluminium and
vanadium was found with deposits in the periprosthetic
soft tissue.71 These results suggest that the in vivo occurrence of metallic wear debris can be more complex than
predicted. In addition, any other modality of assessment
of this type of wear, either by conventional histology13
and/or using MRI-based techniques72 could fall short of
any predictive value for ALTR/ARMD especially in case of a

high prevalence of Type II pseudotumor, limited to macrophage and fibroblastic reaction without lymphocytic
infiltrate and/or soft tissue necrosis. As a consequence,
the term metallosis, having originated as a relatively rare
occurrence in arthroplasty of a large amount of metallic wear debris generated by abrasion/adhesion/fatigue,
does not reflect the complexity of the conventional and
corrosion metallic wear debris generated at the bearing
surface and metallic modular junctions.
The issue of a dual role of metallic particles and ions is
important in the occurrence and progression of the ALTR/
ARMD reaction in the periprosthetic soft tissue and bone
and it is discussed in Appendix II (see Supplementary
Material link at the end of the article).
In summary, it is proposed that the term metallosis is
not used as a category of implant failure or as a specific
histological diagnosis and is substituted by presence of
metallic wear debris with specification of conventional/
corrosion/mixed when possible, as for all the other
implant materials (polyethylene, ceramic, oxidized metal
alloys, polymethyl methacrylate with radiographic contrast agent). The presence of fixation devices should also
be reported in the pathology report, since they can be a
possible origin of non-wear-related conventional and corrosion metallic debris. Additional studies are also needed
to identify the effects on human macrophages and lymphocytes of corrosion metallic particles in vivo.
Cell death and periprosthetic soft tissue/bone necrosis

Two major types of necrosis can be observed in the cases
of ALTR/ARMD: (a) cell death, predominantly of macrophages; (b) periprosthetic (neo-synovial/pseudocapsular/bone) tissue necrosis, defined as necrosis of cells and
stromal elements (connective tissue, vessels, nerves). The
correct identification of the two types of necrosis is important because, while cell necrosis occurs to a variable degree
in all reactions to conventional and corrosion metallic
wear debris and also other wear materials (polyethylene,
ceramic), transmural soft tissue and/or bone necrosis is
limited to a sub-group of patients with a predominantly
lymphocytic response to corrosion metallic particles.29,32
Morphological features of cell necrosis are presented
in Fig. 6. Macrophage necrosis can occur in the periprosthetic/bursal neo-synovium with formation of large clusters of foamy/xanthomatous forms exfoliating into the
joint/bursal cavity (Fig. 6a) admixed to particle-laden
macrophages shown in inset. The exfoliation of viable and
necrotic macrophages into the joint space is shown in a
toluidine blue stained semithin section (Fig. 6b) and corresponding H&E section shown in inset. The macrophage
population exfoliated from the neo-synovial membrane
(Fig. 6c) can form a thick slime as the one lodged in the
groove of a large metallic femoral head (upper-right
inset) with entrapped microplate aggregates of corrosion
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Fig. 6 Cell necrosis in ALTR/ARMD. (a) Macrophage necrosis in a bursal specimen (9 × 7 × 5 cm with wall thickness of 8 mm) in
a case of MoM LHTHA with CoCr MAS revised after 100 months of implantation: macrophages at various stages of degeneration
are indicated by the presence of many foamy forms (thick black arrows) with exfoliation of necrotic cell debris in the lumen with
identifiable cholesterol crystal clefts indicated by thin black arrows (H&E × 100); details of the viable macrophages containing
tribocorrosion metallic debris are shown in inset (H&E × 400). (b) Exfoliation of viable (white arrow) and necrotic macrophages
(black arrows) from the neo-synovial surface is evident in a semithin section with separation of the surface from the necrotic cell
debris by a black line (toluidine blue × 400) in a case of MoM HRA revised after 63 months of implantation with similar area stained
by H&E shown in inset (H&E × 200). (c) A mixture of viable macrophages and necrotic cell debris in a case of MoM LHTHA with
CoCr MAS with entrapped green particle aggregate of metallic debris (black arrow) collected from the debris present in the groove
of the femoral head in the upper-right inset indicated by a black arrow (H&E × 200); large particle aggregates/agglomerates of
corrosion products generated at the MAS/neck taper junction are shown in the lower-right inset, indicated by black arrows (H&E
× 200). (d) A similar mixture of particle-laden macrophages with foamy forms is shown in tissue retrieved from the surface of the
metallic acetabular shell (inset, white arrow) in a case of MoM LHTHA with CoCr MAS revised after 128 months of implantation also
containing fragments of the larger green particle aggregates of metallic debris indicated by a black arrow (H&E × 400).
(e) Bone involvement by macrophage infiltrate with osteoclastic activity (black arrows) in a case of MoM HRA revised after 34
months of implantation with a large area of necrosis/infarct separated by a black line (H&E × 200). (f) A similar area of macrophage/
infarct separated by a black line is shown in a case of MoP THA revised after 120 months of implantation (H&E × 200) with PE
particles identifiable under polarized light in inset (H&E × 400).
Note. ALTR/ARMD, adverse local tissue reaction/adverse reaction to metal debris; MoM, metal-on-metal; LHTHA, large head total hip arthroplasty; CoCr,
cobalt-chromium; MAS, metallic adapter sleeve; H&E, haematoxylin and eosin; HRA, hip resurfacing arthroplasty; MoP, metal-on-polyethylene; THA, total hip
arthroplasty; PE, polyethylene.
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metallic products (lower-right inset). A similar population
of macrophages containing irregular, greenish aggregates
of corrosion metallic particles can also be present in the
bone marrow (Fig. 6d), forming a film on the acetabular
cup shown in inset. Areas of cell necrosis most probably
secondary to insufficient vascularization can also occur
in the bone marrow of cases with osteolysis (Fig. 6e),
although non-specific to MoM implants, as shown in the
periprosthetic soft tissue of a case of polyethylene wear
(Fig. 6f), shown under compensated polarized light in
inset.
Cell death occurs through different modes: apoptosis
by extrinsic and intrinsic pathways, autophagy, necrosis
(oncosis), necroptosis, pyroptosis, and mitotic catastrophe.73 It is not possible to determine the modality of cell
death by histological examination at light microscopy and
examination by TEM is necessary to examine fine morphological ultrastructural features. Moreover, a combination of morphological and biochemical classification
of cell death is necessary for a more accurate diagnosis
and similar cell deaths can have a high degree of functional and immunological differences.73 The modality of
cell death is important because it can affect the release
of damage-associated molecular patterns (DAMPS) which
can be immunogenic and initiate and perpetuate a noninfectious inflammatory response and can be triggered
by many stimuli.74 For macrophages, death occurs at a
variable rate as a result of cytotoxicity of metallic ions/
particles resulting in oxidative stress through the conversion of hydrogen peroxide into reactive hydroxyl radicals,
direct binding to proteins inducing oxidation and loss of
biological function, and displacement of other metal ions
present in tissue metalloproteins affecting their activity.33
Macrophage death occurs in MoM HRA implants secondary to formation of metallic wear by tribocorrosion
(intended wear) and by edge loading (unintended wear)
and in MoM LHTHA with or without CoCr MAS and also
in non-MoM implants predominantly due to mechanically
assisted fretting/crevice corrosion occurring at the metallic head/neck and/or neck/stem junctions. Corrosion has
also been identified at the Ti acetabular cup/CoCr metallic
liner interface,75 although this is of undetermined biological significance. The valence of the metallic ions released
by the implants is also considered a determinant of the
degree of cellular toxicity, in particular the interaction of
Cr (VI) with the macrophages.76 Exfoliation of necrotic
forms in the joint space is usually more pronounced in
MoM LHTHA than in MoM HRA, probably secondary to
the additional toxicity of the metallic wear generated at
the head/neck junction. Recently, a mechanism of cell
death with metallic wear debris mediated by electrochemical control via reduction-induced intrinsic apoptosis and
oxidation-induced necrosis on CoCrMo alloy particles has
been proposed and shown in vitro.77

The qualitative and quantitative analysis of macrophage necrosis is not confined to a mere scientific interest because the exfoliation of a large number of necrotic
but also viable macrophages with release of secondary
metallic particles is a continuous, dynamic process which
can substantially affect the properties of the synovial
fluid lubricating the bearing surface of the implant during its lifetime, and which cannot be easily reproduced
by hip simulators or taken into account or measured by
the examination of retrieved implants. Biotribology of artificial hip joints is complex78 and the various degrees of
cellular response to wear debris can modify the lubrication regime, affecting the fluid chemistry, thickness, and
viscosity. Until now, this variable has not been considered
in the formulation of the conventional lubrication models
(boundary, elastohydrodynamic, and protein-aggregation)
for MoM implants, and the synovial fluid analysis has been
adjusted only for protein content, such as hyaluronan
(HA), albumin and globulin without consideration either
for the amount and composition of cell debris or the large
particle aggregates of metallic wear debris generated at
the head/neck junction of MoM LHTHA and neck/stem
junction of non-MoM THA with CoCr DMN.79 Although
the degree of macrophage necrosis can vary depending
on quantitative and qualitative aspects of the wear debris
and host factors, its amount will increase during implantation time and remains a significant factor to be included
in any study on the tribology of MoM and non-MoM
hip arthroplasty. The presence of viable macrophages
and multi-nucleated giant cells exfoliated into the synovial fluid provides support to the cellular mechanism of
direct erosion of the metallic surface of the implant,80–82
although some of the damage has been attributed to the
use of electrocautery.83,84
Tissue necrosis is presented in Fig. 7. It can occur after
an early proliferative phase of the neo-synovium with an
accumulation of particle-laden macrophages and subsequent transmural infarction/necrosis of the soft tissue wall
including newly formed papillary projections and the preexistent capsule (Fig. 7a and 7b) with end-stage formation
of a thick layer of transmural tissue necrosis (Fig. 7c and
Fig. 7d) which occurred bilaterally in a case of non-MoM
THA with CoCr DMN and TMZF stem previously diagnosed through ultrasound-guided needle biopsies (Fig.
7c, upper histological sections) and confirmed in the soft
tissue specimen collected at implant revision time (Fig. 7c,
lower histological section and Fig. 7d).
Full-thickness necrosis of neo-synovium and pseudocapsule has been generally considered coagulative
and has been described only recently, representing the
progression/end-stage of the lymphocytic-predominant
ALTR/ARMD. It is almost invariably associated with a grade
3/4 perivascular and or/interstitial lymphocytic infiltrate
if the interface of the pseudocapsule/adipose tissue is
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Fig. 7 Soft tissue necrosis in ALTR/ARMD. (a) Transmural necrosis of pre-existing pseudocapsule and papillary neo-synovium
in a case of non-MoM CoCr DMN THA after 46 months of implantation with neo-synovium thickness of 8 mm (red bar) and
pseudocapsule thickness of 12 mm (black bar) with underlying predominantly lymphocytic inflammatory infiltrate. (b) High power
of the area shown in the black box in (a) showing complete necrosis of the neo-synovium with still identifiable stromal cores of the
papillae indicated by black arrows (H&E × 25). (c) Transmural soft tissue necrosis with deep-seated inflammatory infiltrate in a case
of non-MoM THA with CoCr DMN and TMZF stem after 24 months of implantation diagnosed bilaterally on ultrasound-guided
fine-needle biopsy as shown in the upper sections (black boxes with arrows) and confirmed at revision surgery with thickness of
the necrotic layer up to 9 mm (black bar). (d) Detail of the area in the black box of the lower tissue section in c shows upper zone of
tissue necrosis/infarction separated by a black line from the deep-seated inflammatory infiltrate which is predominantly lymphocytic
(H&E × 50).
Note. ALTR/ARMD, adverse local tissue reaction/adverse reaction to metal debris; MoM, metal-on-metal; CoCr, cobalt-chromium; DMN, dual modular neck; THA,
total hip arthroplasty; H&E, haematoxylin and eosin; TMZF, Ti, Mo, Zr, Fe.

excised at surgery with a cold blade, although not all cases
progress to this stage even after many years of implantation. The same histological pattern is observed in MoM
and non-MoM implants and it is also invariably associated with corrosion metallic debris. A similar histological
reaction has also been described in total knee arthroplasty
(TKA) implants with corrosion metallic wear generated
at the modular stem interface.85–87 Hypoxia-inducible
factor (HIF 1-α) pathway has been proposed to explain
cobalt nanoparticle-induced cytotoxicity88 and inflammation and also as a mechanism for metal-specific implant
failure.88,89 This hypothesis can explain mechanisms of
macrophage necrosis, although it is not convincing as
the trigger of the massive tissue necrosis of neo-synovium
and pre-existing pseudocapsule observed in a subset of
cases of ALTR/ARMD, and with particularly high prevalence in the non-MoM THA model with CoCr DMN and
TMZF stem.90,91 Because of the association between tissue necrosis, lymphocytic infiltrate, and corrosion metallic
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debris, lymphocyte cytotoxicity and cell death should
also be considered as a probable cause. For this reason,
the contribution of different lymphocyte subsets to the
pathogenic process should be studied in detail in relation
to wear debris/protein corona complex and macrophage
infiltrate.
Standard histological examination provides reliable
and reproducible information regarding the presence of
inflammatory cells, the rate of macrophage/soft tissue
necrosis, and the type of particle aggregates generated by
the implant bearing surface and junctions released into the
synovial fluid. It can also provide a correlation and explanation for the variation of the fluid signal of the pseudotumors on T1- and T2-weighted images in ALTR/ARMD
from hypointense to hyperintense representing a different
content from water-like to proteinaceous or solid. In general, the necrotic cell debris and the particle content will
increase during implantation time contributing to a denser
fluid, although the total volume can be low especially if
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Table 1. Grading of periprosthetic soft tissue and bone marrow
lymphocytic infiltrate
Diffuse interstitial/band like lymphocytic infiltrate (CD45+ cells/mm2)
0+ < 10
1+ 10 to 25
2+ 26 to 50
3+ 51 to 100
4+ > 100
Perivascular lymphoplasmacytic cuff/bone marrow lymphocytic
aggregates*
0+ None to occasional
1+ < 0.25 mm
2+ 0.25 to 0.50 mm
3+ 0.51 to 0.75 mm
4+ > 0.75 mm
Number of lymphoplasmacytic perivascular aggregates
For grade 1: ≥ 5 aggregates; < 5 aggregates, non-specific
For cases of mixed grade: ≥ 3 aggregates of the highest grade present
*The presence of more than one germinal centre is classified as grade 4 with
size of the aggregates > 0.25 mm.
Note. The clinical history of any treated or non-treated immunological
disorder which can affect the size and composition of the lymphoplasmacytic
infiltrates should be reported.

a predominant lymphocytic component with eosinophils
and/or increased number of mast cells is not present.
In summary, it is proposed that macrophage cell
necrosis should be distinguished from the transmural tissue necrosis observed in ALTR/ARMD and that they most
probably occur through different pathways leading to
distinct sub-types of necrosis. More research should be
performed in this area elucidating the contribution to the
final outcome of different cell populations, in particular
macrophages, fibroblasts and lymphocytes.

ALTR/ARMD classifications
The classifications of ALTR/ARMD and their terminology
are reviewed as well as the grading of the lymphocytic
and macrophage infiltrate in periprosthetic soft tissue and
bone. Since these classifications have been extensively
used for clinical and radiological studies, it is important
to discuss their categories and morphological features in
detail, as presented in Appendix III (Tables 1 to 4 and Figs.
1 to 6) and Appendix IV (see Supplementary Material link
at the end of the article).
In summary, the review of the available literature and
the histological observations of the host reactions to
metallic wear debris in the periprosthetic soft tissue and
bone has provided the following results:
(a) Proposed classification of lymphocytic infiltrate
through measurement of the infiltrate thickness
over the row count and the requirement of a similar classification of lymphocytic infiltrate in the
bone marrow (Table 1).
(b) Limited value of the macrophage semi-quantitative
classification besides assessment of soft tissue and
bone involvement and importance of evaluation

of the macrophage infiltrate in bone for osteolysis
and interaction with haematopoietic cells.
(c)	Undetermined role of mesenchymal stem cells,
fibroblasts and endothelial cells in the onset and
progression of ALTR/ARMD.
(d) Semi-quantitative assessment of lymphocytic
infiltrate by H&E staining needs more analytical
techniques (immunohistochemistry, immunofluorescence, flow cytometry) for a refined subclassification of lymphocytes and other types of
inflammatory cells.
(e) Need for a more comprehensive classification of
delayed type hypersensitivity (DTH) reactions
inclusive of its sub-types.
(f) Limited value of the histopathological classifications
of periprosthetic soft tissue and bone for prognostic purposes and evaluation of long-term effects.
(g) Substitution of the acronym ALVAL and retention
of ALTR and ARMD modified with the addition of
the predominant cell type (lymphocytic or macrophage) as ALLTR/ALMRD and AMLTR/AMRMD.
An important aspect of the ALTR/ARMD classification is
the definition of which type of reaction can be considered
‘adverse’, mainly for clinical but also for patients’ compensation purposes. The adjective ‘adverse’ has a negative
implication of some sort of damage which can be of short-,
medium-, or long-term for the patient and also of different intensity and biological significance, as for all other
immunologically mediated reactions. Although there is a
general consensus to consider the predominantly lymphocytic reaction with periprosthetic soft tissue/bone necrosis
in MoM and non-MoM implants as an adverse reaction
to metallic wear debris, the definition and clinical significance of the macrophage reaction to metallic wear debris
in MoM implants is more unclear, even in a setting of a
pseudotumor.
The ALTR/ARMD generated by macrophages in the
absence or minimal presence of a lymphocytic infiltrate
is primarily represented by their bone invasion with the
occurrence of osteolysis and eventual implant loosening
requiring revision. Until the present time, non-septic osteolysis has been considered an unavoidable complication
which has been addressed by modifications of the material composition and processing which affect the wear and
the associated reaction, in for example the use of ultra-high
molecular weight polyethylene (UHMWPE) with increased
cross-linking and addition of antioxidant agents.92 As a
consequence, macrophage-induced osteolysis is not generally considered an adverse reaction specific to metallic wear debris and is included in the broad category of
implant aseptic loosening by national implant registries
and regulatory authorities. This current assessment might
be in need of a re-evaluation. In the case of MoM implants
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if the degree of macrophage death were considered to
exceed the natural death rate, the consequent changes
in the lubrication film would lead to increased wear from
the bearing surface and modular junctions, significantly
affecting the lifetime of the implant, and the increase in
the motility of the macrophages would produce a spike
in cases of clinically significant macrophage-induced osteolysis even after a long implantation time.
In summary, from a medical and biological point of
view it would be unwise to attempt to predict or exclude
local and/or systemic long-term complications based on a
relatively short time of observation and therefore the significance of the term ‘adverse’ in these immune reactions
remains an open question which can be answered with
some degree of confidence only through a lifetime longitudinal follow-up of large cohorts of patients.
Natural history of ALTR/ARMD

The natural history (pathological progression) of ALTR/
ARMD can vary significantly according to implant configuration, amount and type of particle wear, and host
reaction. However, recurrent patterns of ALTR/ARMD
can be accurately described through the observation of
many cases of the same implant configuration of a single
or multiple manufacturers and extensive tissue sampling
at surgery and macroscopic examination. Histological
examination of the intact bursal specimens can provide
important clues regarding the early phase of ALTR/ARMD,
because the bursa is involved at later implantation time
than the capsular neo-synovium by dehiscence of the synovial fluid containing wear particles through the capsule
and represents a closed system of variable volume and
thickness. Examples of the natural history of ALTR/ARMD
are provided in Fig. 8 and Fig. 9.
The progression from proliferative to necrotic tissue
phase in a case of predominant lymphocytic reaction with
macrophage component in a case of non-MoM THA with
CoCr DMN and TMZF stem is shown in Fig. 8a–e: the
wall is composed of a florid papillary neo-synovial proliferation (red bar) and the pre-existing capsule (black bar)
in the upper section from the posterior pseudocapsule
(Fig. 8a) with surface cellular proliferation composed of
macrophages and giant cells (Fig. 8b), shown at higher
magnification with scattered particle aggregates of corrosion metallic wear debris (Fig. 8c) and detail of a giant cell
containing a corrosion particle aggregate shown in inset.
A more advanced stage of the reaction is shown in the
lower section from the inferior pseudocapsule (Fig. 8a)
with formation of a thick layer of transmural soft tissue
necrosis with coalescence and/or partial loss of the papillary component, shown in detail (Fig. 8d) with higher
magnification of the lymphocytic infiltrate shown in inset.
In a limited number of cases, the extension of the lymphocytic infiltrate into the adjacent skeletal muscle with
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subsequent fibre necrosis can also occur (Fig. 8e). The
development of a predominant macrophage reaction to
tribocorrosion in a case of MoM HRA is shown in Fig. 8f–h.
The neo-synovium has papillary configuration (Fig. 8f)
with macrophage infiltrate without lymphocytic component (Fig. 8g) shown at higher magnification in inset and
in the massive macrophage infiltrate in the bone marrow
(Fig. 8h), causing osteolysis of the femoral head shown
in inset with loosening of the cup. A case of macrophage
reaction with bursal component of a MoM LHTHA implant
is shown in Fig. 9a–d: the large bursa in Fig. 9a with internal lining surface shown in inset; in Fig. 9b, the upper
sections show the bursal neo-synovium compared to the
lower section of the neo-synovium of the pseudocapsule;
micropapillary hypertrophy of the bursal neo-synovium is
evident without perivascular lymphocytic infiltrate (Fig.
9c) with detail of the macrophage infiltrate (Fig. 9d) also
observed in the pseudocapsule.
The correlation with the variation in the radiological
findings of the ALTR/ARMD is provided in Appendix V (see
Supplementary Material link at the end of the article). In particular, the chronological evolution of the reactions is discussed, and its correlation with the three parameters used
for MRI classification of their severity: fluid component,
wall thickness/cystic component, solid component and the
dependence of the parameters on the type of wear generated by the implant and the host response (qualitative and
quantitative cell composition of the inflammatory infiltrate).
In summary, it is shown that the assessment of the natural history of ALTR/ARMD requires the knowledge of at
least its cell composition which can be provided before
implant revision only by the histopathological examination of the periprosthetic tissue through biopsies (ultrasound-guided fine core needle or arthroscopic forceps)
and that the study of its evolution requires a large number
of observations because of the cross-sectional nature of
the histopathological examination.

Risk of prosthetic joint infection in MoM
implants
Although prosthetic joint infection (PJI) is considered a
complication of joint arthroplasty and not a form of ALTR/
ARMD, its classification might change if a higher prevalence is found in MoM and non-MoM hip implants at risk
for ALTR/ARMD. In a retrospective study of 104 cases of
failed MoM HRA and THA hip arthroplasty, a relatively
higher prevalence of PJI was found (6.7%) compared to
other bearing surface combinations, with similar bacterial species.93 The findings have been supported by other
studies on acute delayed infection in failed MoM THA94
and in a comparative study of MoM THA versus other hip
bearing surfaces on a large population.95 Therefore, monitoring of this cohort of patients could be prudent with
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Fig. 8 Pseudotumor natural history, intracapsular. (a) Case of predominantly lymphocytic ALTR/ARMD in a non-MoM THA with CoCr
DMN and TMZF stem revised after 20 months of implantation: area of florid papillary neo-synovium (upper section), 13 mm thick
(red bar) and underlying pseudocapsule, 5 mm thick (black bar) with a black line separating the two zones; area of transmural necrosis
(lower section), 12 mm thick (black bar), separated from the zone of viable fibroadipose tissue by a black line. (b) The area in the black
box of the upper tissue section in (a) shows florid macrophage infiltrate with numerous giant cells and marked exfoliation of necrotic
forms indicated by black arrows (H&E × 100). (c) Higher magnification shows scattered particles of corrosion metallic debris indicated
by black arrows (H&E × 200) and engulfed in a giant cell indicated by a black arrow in inset (H&E × 400). (d) The area in the black box
of the lower tissue section in (a) shows a necrotic zone separated by a black line from the underlying viable vascular layer with marked
lymphocytic infiltrate at the interface (H&E × 40) with higher magnification in inset (H&E × 200). (e) Extension of the lymphocytic
infiltrate to the underlying skeletal muscle fibres (black arrows) with a ‘polymyositis pattern’ (H&E × 100) and predominant T-cell
CD8+ component around muscle fibres (black arrows) shown in inset (× 400). (f) Case of macrophage ALTR/ARMD in a MoM HRA
revised after 79 months of implantation and serum level of Co 6.6 μg/L and Cr 20.4 μg/L: section of papillary hypertrophy, 15 mm
thick (black bar). (g) The area in the black box of the tissue section in (f) shows florid macrophage infiltrate (H&E × 100) with higher
magnification in inset (H&E × 400). (h) Bone invasion by florid, particle-laden macrophage infiltrate (H&E × 100) in the femoral head
with two areas of osteolysis (white arrows) circled by a black line in inset.
Note. ALTR/ARMD, adverse local tissue reaction/adverse reaction to metal debris; MoM, metal-on-metal; THA, total hip arthroplasty; CoCr, cobalt-chromium;
DMN, dual modular neck; TMZF, Ti, Mo, Zr, Fe; H&E, haematoxylin and eosin; HRA, hip resurfacing arthroplasty.
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Fig. 9 Pseudotumor natural history, extracapsular. (a) Trochanteric bursa 8 × 5 × 4 cm in a case of MoM LHTHA with CoCr MAS
revised after 94 months of implantation (Co 3 μg/L; Cr 7.5 μg/L) with internal surface of the bursa shown in inset. (b) Two sections
of the bursal wall (upper-left corner) with maximum thickness of 4 mm (black bar) and section of the intracapsular neo-synovium
(lower-right corner) with maximum thickness of 15 mm (black bar). (c) Papillary configuration of the bursal synovium of the area in
the square box in a (H&E × 40). (d) Macrophage infiltrate containing greenish, predominantly globular aggregates of tribocorrosion
metallic particles (H&E × 400).
Note. H&E, haematoxylin and eosin; MoM, metal-on-metal; LHTHA, large head total hip arthroplasty; CoCr, cobalt-chromium; MAS, metallic adapter sleeve; H&E,
haematoxylin and eosin.

investigation on the risk factors involved in the local environment induced by metallic corrosion products and ions
generated by the implants.

Histopathological examination and postmarketing surveillance
For post-marketing surveillance, the histopathological
examination of the periprosthetic tissue through ultrasound-guided or arthroscopic biopsy and/or at revision
surgery of failed joint implants can provide two major
contributions: (1) The identification of ‘sentinel’ cases of
early onset ALTR/ARMD (preferably with correlated biomechanical analysis of the implant) to be submitted to
regulatory authorities and national implant registries for
immediate monitoring of the implants at risk, before their
possible identification in the registries’ annual reports; (2)
The use of the histopathological classification of ALTR/
ARMD for the evaluation of the occurrence of its sub-types
during longitudinal follow-up.
The identification of the histological type of ALTR/ARMD
is important and a major indicator for the implementation
of a successful risk stratification algorithm for the clinical
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management of patients implanted with MoM HRA and
THA devices. In the USA, the use of MoM bearing surfaces
declined from 40.1 % in 2008 to 9.8% in 2012 and 4%
in 2014.96 Similar trends have been observed in the Australian Orthopaedic Association National Joint Replacement Registry and the National Joint Registry for England,
Wales, Northern Ireland and the Isle of Man. Therefore,
it is reasonable to assume that the great majority of the
second-generation MoM LHTHA cohorts are currently at
least six years post-arthroplasty with a large number of
them approaching 10 years or longer time of implantation. Although a similar decline has been experienced for
the MoM HRA, this configuration is still being implanted
in selected centres worldwide, especially the Birmingham
hip resurfacing (BHR) model.
If the macrophage type of ALTR/ARMD without or with
minimal lymphocytic infiltrate were the most frequent
at medium- and long-term implant life as suggested,29
recent studies based on data including the cohort with
predominant lymphocytic reaction would not reflect the
current trend of ALTR/ARMD and would be of limited
value for the longitudinal follow-up at the present time
and in the future. In this setting, the use of blood levels of
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Co, Cr and also Ti as an effective and relatively inexpensive method for monitoring MoM HRA and MoM THA at
medium- and long-term implant life,97,98 and especially of
metal ion trends,99 is supported by the histopathological
analysis of the revised cases. The upward trend of Co and
Cr values at sequential measurements with a time interval
of one or two years would be considered an index of risk
for impending implant failure, because of excessive wear
and/or micro-motion of implant components leading
eventually to macrophage-induced osteolysis and loosening. It should be assessed using radiological exams, such
as metal artifact reduction sequences (MARS) MRI and
MAR CT scans, taking into account that the femoral head
of MoM HRA cannot be visualized underneath the metal
cup for the presence of osteolysis.
Several studies have been conducted with the aim of
identifying serum Co and Cr threshold values between
well-functioning and poorly-functioning implants100,101 or
for the identification of patients at risk of ARMD.102–104 The
latter have been more controversial than the former with a
commentary of praise105 as well as criticism.106 The majority
of the objections are linked to the terminology used for the
analysis and they are addressed in this publication which
could lead to a re-evaluation of the conclusions reached in
these studies. It is important to notice that in one study,98
the serum level of Co and Cr >20 μg/L has been proposed
as the threshold value for considering implant revision
because of the possibility of systemic toxicity. In the cases
shown in Fig. 5b and Appendix III (see Supplementary
Material link at the end of the article) Fig. 5a and 5f, the values of Co and Cr at the time of revision were much higher
than this threshold value, raising the doubt that the standards provided by scientific studies are consistently applied
in the clinical practice. The case illustrated in Appendix III
Fig. 5d shows that early osteolysis can occur at Co and Cr
levels lower than 20 μ/L, further indicating the need for
longitudinal follow-up also for MoM HRA patients.
It is important to emphasize that the histopathological
examination of the periprosthetic tissue cannot be used to
predict the risk of long-term local effects and short- and
long-term systemic effects, especially because of the complexity of the conventional and corrosion metallic debris
and metallo-organic compounds and their possible migration to lymph nodes, bone marrow, and distant organs.107
The examination of metal toxicity is beyond the scope of
this article; however, although cases of metal toxicity secondary to orthopaedic implants have been found to be
infrequently reported in the scientific literature,108 it would
be reasonable to follow the prudent approach which has
been advocated with development of a management
plan for Co and Cr levels in the range of 10 μg/L and of
a validated symptom scoring system for all patients.109 At
last, it needs to be taken into proper consideration that
brain-specific changes of structure and function have

been reported associated with chronic metal exposure to
Co blood levels of 1.72 μg/L and Cr blood levels of 1.42
μg/L,110 indicating that there might not be any safe threshold for chronic exposure to metallic debris.
In summary, the assumption that all MoM implants
would perform well after some years of relatively stable
levels of serum Co and Cr without the need for any further monitoring could be misleading at best or disastrous
at worst for an unknown number of implanted patients,
especially because the macrophage type of reaction is predominantly asymptomatic, possibly giving a false sense of
security to patients and providers as well.

Conclusions
Several terms of major use in the description of ALTR and
ARMD and the parameters for its classification have been
examined and changes of clinical significance in the terminology used have been proposed. The comparison
between the histopathological diagnosis of ALTR and
ARMD and the classifications used for radiological diagnosis regarding their natural history has provided insights
useful for all disciplines involved in their diagnosis, management, and long-term surveillance. However, the use
of a common terminology and of a unified and validated
classification for ALTR and ARMD is only a necessary step
forward and does not guarantee a better understanding
of the complex mechanisms which contribute to their
onset and progression.
Periprosthetic tissue sampling for histopathological
analysis should become a standard procedure at revision surgery. A free consultation service online could be
implemented by national implant registries with the participation of an international panel of expert pathologists.
Identification of implants at risk, more precise criteria for
implant revision, and elucidation of the mechanisms of
particle wear–host interaction can happen only through
a close cooperation between clinical and basic research
disciplines.
The histopathological analysis can provide critical data
for the improvement of current methods and models of
research and the development of a new strategy for premarketing testing and post-marketing surveillance. The
limitations of the histopathological examination for predicting the risk of medium- and long-term effects of ALTR
and ARMD, either local or systemic have also been examined in depth.
Efforts should also be made by the scientific community to engage with a critical eye in translational multidisciplinary research with the utilization of real-world data
through the use of in silico systems of analysis with the
goal of identifying risk predictors and possible biomarkers
for the assessment of orthopaedic implant performance as
recently suggested.111
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