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• Clinicians, scientists and regulators do not use a common set of definitions and terminology to classify and code
periprosthetic tissue reactions towear debris of arthroplasty implants and a limited granularity is present to allow early
identification of associated adverse events.

• Adverse local tissue reactions (ALTRs) is an umbrella term, which has been used in particular for periprosthetic tissue
reactions to metal wear debris. In this review, it has been extended to all implant materials and adverse reaction to
metallic debris as a subset of ALTR caused by or associated with metallic particulate debris.

• The high variability in the terminology of ALTRs used by national arthroplasty registries, various coding systems and
clinicians impedes their accurate reporting and interpretation, crucial for evaluating the reasons for implant failure and
revision arthroplasty.

• Histopathological examination of periprosthetic soft tissue and bone uses standardized criteria for the diagnoses of
reactions towear particles, significantly contributing to their understanding and refining their interdisciplinary terminology.

• This review critically analyzes the current gap in coding ALTRsdue to arthroplasty implants’wear in national registries and
classification systems of adverse events and the use of key terms. A comprehensive unified lexicon and classification
system grounded on evidence-based histopathological analyses is proposed, implementing the following findings.
(a) Pseudotumor is a descriptive term for ALTR, which cannot be used for codification.
(b) Metallosis is a term lacking quantitative and qualitative determination and thus not a codifiable term for ALTR.
(c) Aseptic lymphocyte dominant vasculitis-associated lesion (ALVAL) should not be used due to absence of

histological findings diagnostic of vasculitis.
(d) Metal delayed hypersensitivity and metal allergy should be codified as separate categories of adverse events.
(e) ALTR is to be classified in due consideration of definition of predominant lymphocytic or predominant

macrophage infiltrate.
(f) Granulomatous reaction should be reserved to sarcoid-like, immune granulomas separated from the

macrophage infiltrate with/without foreign body giant cell reaction.
(g) Macrophage infiltrate containing particulate wear debris with or without lymphocytic component associated

with macrophage induced osteolysis/aseptic loosening should be considered as a type of ALTR.
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Introduction
It has been recently proposed in arthroplasty surgery to
shift the focus from standard protocol(s) for every patient
toward personalized medicine to match the developments
in research based on available data (1). However, the
terminology used for the classification of adverse local
tissue reactions (ALTRs) to arthroplasty implant wear
debris is still taking small, incremental steps to move
from terms coined in the past to a standardized,
evidence-based comprehensive lexicon (2). This
development would be instrumental in the clinical
setting, for arthroplasty registries, national data bases
and regulatory authorities and for systems collecting
data of adverse outcomes related to medical devices,
such as the Manufacturer and User Facility Device
Experience (MAUDE) database developed by the Food
and Drug Administration (FDA), USA. Today, scientists,
clinicians and regulators do not necessarily use a
common set of definitions and terminology for adverse
responses to metal orthopaedic implants across respective
fields, which would be preferable to understand them (3).

The termALTR is preferred in this narrative review to indicate
adverse reactions in the periprosthetic soft tissue and bone
caused by or associated with any material used in
arthroplasty. The term adverse reaction to metallic debris
(ARMD) is retained as a subset of ALTRs specifically causedby
or associated with metallic wear debris generated by
abrasion/adhesion/erosion, third body wear and corrosion
modes. The use of a standardized terminology for
tribocorrosion-associated ALTRs has been considered
essential in a recent publication, although only for some
general terms or types of reaction in the periprosthetic soft
tissue (4). Yet, much less consideration for the periprosthetic
bone is found in the proposed terminology framework, in
part because of paucity or lack of bone specimens retrieved
at surgery for histopathological examination. The aims of
this narrative reviewarticle are i) to compare the terminology
for ALTRs used in national arthroplasty registries for large
joint implants, the International Medical device Regulators
Forum (IMDRF) and the International Statistical Classification
of Diseases and Related Health Problems (ICD-11) coding
system, ii) to discuss the merits and limitations of the
histopathological examination in the diagnosis of ALTRs,
and iii) to propose codifiable ALTR categories on evidence-
based histopathological examination and the classification
proposed in a recent review article of the current
terminology (5).

This review does not discuss the issue of an ALTRs grading
system and the use of histopathological examination for
diagnostic purposes already thoroughly examined in the
abovementioned article (5).It does not focus on adverse

reactions to biomaterials and/or devices used in non-
arthroplasty orthopaedics.

Terminology used in major national
arthroplasty registries
Today, registries collect up to four levels of data (6); Level-I
data comprise patient, surgeon and hospital identifiers
and procedure data, allowing for assessment of revision
and reoperation rates, although the definition of implant
revision varies significantly among the national
arthroplasty registries (7). Level-II data include patient
factors, comorbidities, surgical data, perioperative care
and complications. Level-III data consist of patient-
reported outcome measures, allowing for identification
of risk factors for unfavourable outcomes, assessment of
postoperative overall health improvement and cost-
effectiveness analyses. Level-IV data consist of
radiographs, which may help to detect subclinical
implant failure, including implant wear and osteolysis.

Revision surgery is considered the primary failure end
point in arthroplasty, defined as removal and/or
exchange of any implant component, and part of the
hierarchical Level I of information (6). However, it is
noteworthy that the histopathological examination of
the periprosthetic tissue has not been considered in
national arthroplasty registries at any hierarchical level
of information. In contrast, the examination of implant
components was recently proposed at level V of
information in a pilot study (6, 8). The ALTR categories
for periprosthetic soft tissue and bone used in major
arthroplasty registries are presented in Table 1.

In a study by the International Consortium for Orthopaedic
Registries (ICOR) to elucidate performance of devices in hip
and knee arthroplasty, a comparative examination of the
categories revealed that the development of a common
lexicon for the soft tissue and bone ALTRs has not been
considered (9). Yet, considering the rapid rise in the use of
artificial intelligence (AI) applications in healthcare, and
specifically in arthroplasty with a steady growth of
publications, a standardized terminology is key to
facilitate effective communication and increase efficiency
of the dialogue (10, 11). Still, the categories of ALTRs used in
these studies do not reflect these dynamic changes.
Current literature lacks any discussion on how to address
this important issue regarding scientifically sound
reporting of arthroplasty implant performance, thus
improving data comparability and, ultimately, patient
safety. The adoption of terminology standards to enable
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exchanges between data information ecosystems has been
considered crucial for the improvement of data collection
efficiency and the advancement of real-world evidence for
medical devices (12).

It is beyond the scope of this review to examine the
differences in the lexicon among the registries in detail.
However, highlighting the categories of implant failures
used by the American Joint Replacement Registry (AJRR)
can be a fitting example of the problems affecting the
classification of ALTRs. The AJRR does not differentiate
between infection of and inflammatory reaction in
periprosthetic soft tissue and articular bearing surface
wear and osteolysis/aseptic implant loosening in total hip

arthroplasty (THA) and total knee arthroplasty (TKA)
implants. In addition, this classification has been chosen
without further specification or explanation of how the
categories have been considered appropriate for
capturing the biological differences among ALTRs or be
effective for the safety signal detection as a tool to
promptly identify risks associated with the use of
prosthetic devices (13).

Terminology suggested by the IMDRF
A coding dictionary of three hierarchical levels to describe
adverse events for medical devices has been developed by

Table 1 ALTR categories for periprosthetic soft tissue and bone inMajor National Arthroplasty Registries. The data were extracted from

the most recent national registry report available accessed on June 12, 2024. If the annual report was not available online, the categories

were extracted from a recent publication of THA and/or TKA revision data from the respective national registry.

National registry/
implant type ALTR (periprosthetic soft tissue) ALTR (periprosthetic bone)

AJRR, USA
THA/HRA Infection and inflammatory reaction Articular bearing surface wear and osteolysis/aseptic

loosening
TKA/UKA Infection and inflammatory reaction, stiffness Articular bearing surface wear and/or osteolysis,

mechanical loosening
AOANJRR, Australia
THA/HRA Metal-related pathology, wear of implant component(s) Aseptic loosening/lysis
TKA/UKA Metal-related pathology, wear of implant component(s) Aseptic loosening/lysis

DHR, DKR, Denmark
THA/HRA Polyethylene wear wo loosening Aseptic loosening (one or both components), osteolysis

without loosening
TKA/UKA None Aseptic loosening

LROI, Netherlands
THA/HRA Symptomatic MoM bearing Loosening of prosthesis acetabular or femoral

component
TKA/UKA None Loosening of prosthesis component; arthrofibrosis

FAR, Finland
THA/HRA Other reasons (please specify) Aseptic loosening
TKA/UKA Other reasons (please specify) Aseptic loosening

EPRD, Germany
THA/HRA Wear Loosening/osteolysis with fixed component(s)
TKA/UKA Wear, restricted mobility Loosening/osteolysis with fixed component

NJR, UK
THA/HRA Adverse reactions to particulate debris, implant wear Aseptic loosening/lysis
TKA/UKA Implant wear, stiffness Aseptic loosening/lysis

NAR, Norway
THA/HRA None, defective polyethylene Loosening/osteolysis wo loosening of implant

component(s)
TKA/UKA Polyethylene liner wear Loosening of implant component(s)

SAR, Sweden
THA/HRA Adverse event: an unexpected negative event,

consequence of joint replacement surgery, for example,
an infection

Aseptic loosening: loosening of prosthesis
component(s) without proven infection, osteolysis: loss
of bone tissue

TKA/UKA Adverse event: an unexpected negative event,
consequence of joint replacement surgery, for example,
an infection

Aseptic loosening: loosening of prosthesis
component(s) without proven infection, osteolysis: loss
of bone tissue

ALTRs, adverse local tissue reactions; AJRR, American Joint Replacement Registry; AOANJRR, Australian Orthopaedic Association National Joint Replacement
Registry; DHR, DKR, Danish Arthroplasty Register; EPRD, German Arthroplasty Registry; FAR, Finnish Arthroplasty Register; LROI, Dutch Arthroplasty
Register; MoM,metal-on-metal; NAR, Norwegian arthroplasty Register; NJR, National Joint Registry for England, Wales, Northern Ireland, the Isle of Man and
Guernsey; SAR, Swedish Arthroplasty Register; THA, total hip arthroplasty; HRA, hip resurfacing arthroplasty; TKA, total knee arthroplasty; UKA,
unicompartmental knee arthroplasty.
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the IMDRF. Some of the challenges associated with the
reporting have been addressed by IMDRF linking their
codes to the Medical Dictionary for Regulatory Activities
(MedDRA) coding system of five hierarchical levels (14).
IMDRF has also developed an adverse event terminology
maintenance plan aimed at adding, modifying or deleting
adverse event terms of the coding dictionary (15). Despite
the attempts to standardize and harmonize the coding
system, the development of a more granular level of
coding has been recommended to increase specificity
when appropriate. This process is considered crucial to
enhance the current adverse event coding for medical
devices (13). The ALTR categories for periprosthetic soft
tissue and bone used by IMDRF with MedDRA link are
presented in Table 2.

The only category of adverse reaction for the
periprosthetic soft tissue is found under ‘metal related
pathology’ (code E1618), encompassingmetallosis, aseptic
fibrosis secondary to metal corrosion, i.e., trunnionosis,
and release of wear debris. The definition of the items in
this category is problematic because ‘metallosis’ and
‘trunnionosis’ are no medical diagnostic terms, although
both have been widely used in literature by orthopaedic
surgeons to define the presence of metallic wear debris
with a wide range of biological effects. Aseptic fibrosis in
contrast to arthrofibrosis is a common neo–synovial
reaction not limited to corrosion metallic particles, but
also observed with abrasion-/ adhesion-/ erosion-
induced metallic and ceramic particle debris and is not
considered adverse by definition.

More troublesome are the definitions of osteolysis
(code E1627) as a ‘dissolution of bone; applied especially
to the removal or loss of the calcium of bone’ and those of
osteopenia/osteoporosis (code E1629) as ‘decreased
calcification or density of bone tissue’, which confuse
the medical definition of osteomalacia with osteolysis,
osteopenia and osteoporosis. In a deficit of bone
architecture (osteolysis, osteopenia and osteoporosis),
the bone mass decreases, but the ratio of bone mineral
to bonematrix is normal, whereas it is in osteomalacia that

the ratio of bone mineral to bone matrix is low. Moreover,
without histopathological examination of undecalcified
bone histomorphometry, it would be impossible to
assess microarchitecture of bone, bone cellular activity,
bonemineralisation and bone remodeling. A fitting case of
adverse event requiring histomorphometry examination
of bone has been the failure of the Inter-Op® acetabular
component (Sulzer Orthopedics Inc., Switzerland) (16, 17).
At last, the category of high metal ion levels (code E2206)
seems rather undefined since it lacks a threshold value to
define the significance of ‘high’ and does not specify if this
value needs to be obtained in whole blood, serum,
synovial fluid or other body fluids or tissues. These
errors and/or lack of precision for the definition of the
codes are problematic and limit (if not prohibit) the
application of this coding dictionary as the gold
standard employed by a consortium of regulatory
agencies worldwide.

Terminology used in the ICD coding
system
The ICD-11 coding system, a three-part model for coding
causes and mechanisms of healthcare-related adverse
events has been considered a ‘promising new way to
capture healthcare-related harm or injury’ (18). The
codes provided for ALTRs in the periprosthetic soft
tissue and bones are presented in Table 3.

The code of ‘wear of articular bearing surface of joint
prosthesis’ (FA35) in this definition does not provide any
indication of an adverse event since a certain amount of
wear is physiologically expected. In similar fashion, the
code for ‘post-surgical osteolysis’ (FC01.8) does not qualify
for an adverse event without any specified quantification
of the process or the addition of loosening of implant
components. In fact, periprosthetic osteolysis per se
always occurs postsurgically to some extent. In addition,
the code for ‘infection and inflammatory reaction due to
internal joint prosthesis’ (NE83.1) unifies infectious and

Table 2 ALTR categories for periprosthetic soft tissue and bone in IMDRF and non-IMDRF code.

Level 1 term Level 2 term Code Definition Non-IMDRF code

MSKS Metal-related
pathology

E1618 Also known as metallosis. Includes trunnionosis, aseptic
fibrosis or local necrosis secondary to metal corrosion and
release of wear debris

MedDRA:10081986:
periprosthetic metallosis

Osteolysis E1627 Dissolution of bone; applied especially to the removal or loss
of the calcium of bone

MedDRA:1003124: osteolysis

Osteopenia/
osteoporosis

E1629 Decreased calcification or density of bone tissue MedDRA:1004908: osteopenia

Synovitis E1632 Inflammation of a synovial membrane MedDRA:10042868: synovitis
Bursitis E1637 Inflammation of the fluid-filled pad (bursa) MedDRA:1000681: bursitis

Investigations
and diagnostic
tests

High metal
ion levels

E2206 High blood or serum levels of ions which are attributed to one
or more medical devices used, such as but not limited to Co,
Cr, Ti, Ni and Mo

MedDRA:1008605: heavy metal
increased

ALTRs, adverse local tissue reactions; IMDRF, International Medical Device Regulators Forum; MedDRA, Medical Dictionary for Regulatory Activities; MSKS,
musculoskeletal system.
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delayed hypersensitivity/allergy complications under the
same code rendering the report of both, incidence and
prevalence, impossible. This terminology has been
adopted by the AJRR for periprosthetic soft tissue
adverse reaction.

Terminology derived from
histopathological classification
In 2014, a comprehensive, revised histopathological
classification for periprosthetic soft tissue and bone
reactions has been proposed based on tens of
thousands of observations (19).

The histopathological classification for the periprosthetic
soft tissue can be extended to the involvement of bursal
synovium, which has occurred with some frequency in
cases of corrosion-associated wear, causing disruption
and necrosis of the surrounding tissues (5). This
classification can be complemented by the specification
of the type of wear particles observed in the periprosthetic
tissue (20). The inclusion of these histopathological criteria
in terminology frameworks used by governing bodies of
the national arthroplasty registries and the regulatory
agencies has the potential to provide a more accurate
classification of ALTRs, keeping pace with scientific and
technological progress.

Another remarkable and unexplained aspect of reporting
the reasons for revisions of arthroplasty implants is the
wide discrepancy between the terminology used by the
coding systems and the one adopted following evidence-
based observations in the clinical setting and object of
hundreds of publications. Some of the most common
terms used are often mistaken as or confused with
histopathological diagnoses. These are critically
discussed below to provide a frame of their correct use

in the classification of ALTRs as reasons of implant failures
or their deletion from the current lexicon.

Pseudotumor

The term pseudotumor, although considered of practical
use for clinical and radiological diagnosis of ALTRs (21), is
not a codifiable diagnostic entity by histopathological
examination, and the lymphocytic predominant ALTR
originally described as aseptic lymphocyte dominant
vasculitis-associated lesion (ALVAL) represents only a
distinctive subset (22).

Above all, pseudotumor cannot be used and/or validated
as a cause for revision or failure of arthroplasty implants in
any coding system for the following reasons: i) there is no
threshold value for its definition regarding size, volume
and neo-synovium thickness; ii) its natural history and
clinical outcome vary according to cell composition and
anatomical site; iii) extracapsular extension varies
according to the cell composition and fluid
accumulation of its intracapsular component; iv) the
growth rate of the macrophage predominant type
depends on wear particle rate and physicochemical
properties and host factors; v) the macrophage
predominant type is nonspecific and can occur with
accumulation of wear particles of any material in the
macrophages associated with a variable degree of
micropapillary to polypoid fibrovascular proliferation,
with slow increase in size during implantation time in
well-functioning implants; and vi) organized hematomas
from chronic hemorrhage or large seromas can be
radiologically misdiagnosed as ALTRs with lymphocytic
predominant pattern (5). Examples of intracapsular and
extracapsular pseudotumors and their natural history are
well-illustrated in a recent review article on the
histopathology of ALTRs (5).

Metallosis and ALVAL

Like the term pseudotumor, metallosis cannot be
considered a codifiable diagnostic entity, because it is
defined by the presence of a variable amount of
abrasion-, adhesion-, erosion-, tribocorrosion- or
corrosion-associated wear products in the joint fluid,
periprosthetic soft tissue and/or bone marrow without a
threshold value of reference. This holds particularly true
for metal-on-metal (MoM) hip resurfacing arthroplasty
(HRA) and THA implants, which can generate only metal-
derived wear particles, ions, oxides and salts (23).
Although popular for decades in the orthopaedic clinical
community and used in many publications, the term
metallosis should be substituted by the presence of
these metal-derived degradation products as for all the
other implant materials, with specification of how wear is
generated (abrasion/adhesion/erosion/tribocorrosion/
corrosion or mixed) when appropriate. Correlation with
type and degree of inflammatory infiltrate in the

Table 3 ALTR categories for periprosthetic soft tissue and bone

in the ICD-11 coding system.

ICD-11
code Definition

FA35.Z Wear of articular bearing surface of joint prosthesis of
unspecified joint

FA35.0 Wear of articular bearing surface of joint prosthesis of hip
FA35.1 Wear of articular bearing surface of joint prosthesis of

knee
FA35.2 Wear of articular bearing surface of joint prosthesis of

other joint
FC01.8 Postsurgical osteolysis
NE83 Injury or harmarising fromother device, implant or graft,

not elsewhere classified
NE83.1 Infection and inflammatory reaction due to internal

joint prosthesis

ALTRs, adverse local tissue reactions; ICD-11, 11th version of the
International Statistical Classification of Diseases and Related Health
Problems of the World Health Organization.
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periprosthetic tissue with state-of-the-art analytical
techniques should be considered (24, 25).

The lymphocytic dominated type of ARMD, either
associated or not with a variable degree of soft
tissue/bone necrosis, was originally described as ALVAL
in 2005 (22). However, the evidence of vasculitis was not
found in subsequent histopathological analyses, with the
most consistent finding being the presence of high
endothelial cell venules (5). Therefore, the term ALVAL
should not be used to define the lymphocyte-
predominant type of ARMD with or without soft tissue
transmural necrosis.

Granuloma

Two broad forms of well-defined tissue reactions with
presence of a variable number of multinucleated giant
cells have been histologically documented, defined by
their etiology: the so-called foreign-body giant cell
(FBGC) reaction and the immune granuloma (26). FBGCs
are formed only in presence of wear particles or
agglomerates/aggregates of wear particles that exceed
the phagocytic capacity of single cells, thus resulting in
FBGC reaction without an adaptive immune response and
in immune granulomas with response to an immunogenic
stimulus of the adaptive immune system (26, 27). In cases
of particulate wear debris from any material, the term
granulomatous reaction should be reserved to the
immune granuloma, characterized by the formation of
distinct aggregates of epithelioid macrophages, with
scattered multinucleated giant cells separated by a
variable amount of stroma (sarcoid-like) with or without
the presence of a lymphocytic cuff often accompanied by
plasma cells. It has shown the presence of a mixture of
M1/M2 macrophages and Th1 and Th2 lymphocytes (28),
suggesting the possibility of a hypersensitivity reaction
type IVa and possible activation of metal particle specific
CD4+ T lymphocytes throughmigration of dendritic cells to
regional lymph nodes, as in beryllium-induced
hypersensitivity (29).

Therefore, it is proposed that the granulomatous ALTR is
reserved to the immune granuloma, while the FBGC
reaction considered to be within the physiological range
of responses to wear debris, unless associated to
macrophage induced osteolysis. However, the
histological differential diagnosis between FBGC
reaction and immune granuloma may be complicated
by the possible evolution from one type to the other.

The first example is provided in a case of reaction to
polyethylene (PE) debris, sharing features with a case
previously published in the literature (30) and illustrated
in Fig. 1A, B, C, D, showing progression from florid FBGC
reaction to immune, sarcoid-like granulomas. The
second example is provided by the natural history of
immune granulomas in cases of agglomerates/
aggregates of nanoparticles from metal wear debris
generated by various corrosion modalities and

presented in Fig. 2A, B, C, D, showing the evolution of
the immune granuloma from active to fibrotic nodules
with hyalinisation. This transition might reflect a
diminished biological activity of the nanoparticle
aggregates after embedding into the periprosthetic
neo-synovium due to properties acquired during their
interaction with the synovial fluid, ultimately leading to
a loss of immunogenicity.

Osteolysis and aseptic loosening

The occurrence of osteolysis and consequently aseptic
loosening is considered an adverse event in the
periprosthetic bone by the national arthroplasty
registries and regulatory agencies; however, further
specification is not provided in any of the classifications.

The vast literature published on experimental and clinical
osteolysis as themain cause of aseptic loosening has been
summarized in several comprehensive review articles
(31, 32, 33, 34, 35, 36). However, aseptic loosening is the
end stage of a process that originated through different
mechanisms involving mechanical and/or biological
factors. It would be important to separate the

Figure 1

Sarcoid-like granulomatous reaction to polyethylene wear debris.
(A) Fibrotic synovium, patellofemoral region, time 0; (B) florid
macrophage reaction with multinucleated foreign body giant cells and
admixed lymphocytes to PE debris is evident in inset under
compensated polarized light, TOI: 17 months (first UKA implant revision).
(C) Regional lymph node with formation of non-necrotizing granulomas
in subcapsular and cortical location (black arrows) containing PE debris in
inset (white arrows), TOI: 22 months; (D) progression to sarcoid-like
granulomatous reaction with Touton multinucleated giant cell in inset
(black arrow), TOI: 24 months (second UKA implant revision with
conversion to TKA). PE, polyethylene; TOI, time of implantation; UKA,
unicompartmental knee arthroplasty; TKA, total knee arthroplasty.

General Orthopaedics EFORT Open Reviews (2025) 10 224–236
https://doi.org/10.1530/EOR-2024-0116

https://doi.org/10.1530/EOR-2024-0116


classification of osteolysis due to stress shielding of bone
from osteolysis as a secondary reaction driven by
macrophages containing wear particles to attain
conceptual clarity and proper classification and coding.

The report of adverse events in total ankle arthroplasty
(TAA) offers a fitting case study to illustrate the importance
of osteolysis/aseptic implant loosening subclassification.
An evidence-based classification system of complications
of TAA has been proposed, including aseptic loosening
without further specification (37); however, inconsistency
in the reporting of adverse events secondary to lack of
consensus guidelines or a validated classification system
has been reported with the term loosening/osteolysis
listed in 80/117 (68.4%) studies analyzed (38). An
attempt of subgrouping aseptic loosening has been
provided by the FDAs MAUDE voluntary database, which
includes i) severe osteolysis, ii) loose implant and
iii) subsidence (39). Three histopathological studies of
periprosthetic osteolysis in TAA have consistently shown
macrophage infiltrate in the bone marrow, with FBGC
containing birefringent material under polarized light,
consistent with PE debris (40, 41, 42).

Limited availability of clinical specimens is themain reason
why macrophage and/or wear particle-induced osteolysis
has been almost exclusively studied with surrogate
experimental animal models, such as the murine
calvarium. The study of human samples has been
almost invariably limited to the analysis of periprosthetic
soft tissue without matching observations of the
periprosthetic bone. Consequently, assumptions have
been made on the natural history of osteolysis and the
molecular pathways in the bone microenvironment
without corroboration of the histopathological
examination of bone samples in vivo.

The histopathological examination of periprosthetic bone
samples has indicated that the macrophage infiltrate in
the periprosthetic bone marrow is the major contributor
to the onset and progression of macrophage induced
osteolysis, as shown in Figs 3 and 4. The histological
findings are corroborated by the following observations.

Macrophage motility and migration
from neo-synovium to bone marrow

This evidence-based reconstruction of the osteolytic
process secondary to metal debris generated by various
forms of corrosion can be extended to the toxicity and/or

Figure 2

Sarcoid-like granulomatous reaction to corrosion of metal wear debris.
(A) Epithelioid cell granuloma with occasional foreign body
multinucleated giant cells and without lymphocytic cuffing surrounding a
central aggregate ofmetallic wear nanoparticles in case ofMoMTHA; (B)
epithelioid cell granuloma with occasional foreign body multinucleated
giant cells and lymphocytic cuffing with scattered plasma cells (cognate
granuloma) surrounding a central aggregate of metal wear nanoparticles
in case of MoM THA; (C) epithelioid cell granuloma with lymphocytic
cuffing showing a moderate degree of fibrosis and surrounding a central
aggregate of metal wear nanoparticles in case of non-MoM THA with
CoCr DMN; (D) end stage fibrotic granuloma with lymphocytic cuffing and
diffuse hyalinisation and surrounding a central aggregate of metallic
wear nanoparticles in case of MoM THA. MoM, metal-on-metal; THA, total
hip arthroplasty; DMN, dual modular neck.

Figure 3

Osteolysis. (A) Femoral head with large areas of osteolysis (white arrows)
in a case of MoM HRA, TOI: 49 months, blood serum Co 70 μg/L; Cr
71 μg/L; (B) area in white box showing interposition of amacrophage layer
between a fibrous layer adjacent to the metal implant stem (black
arrow) and a layer of remodeled periprosthetic bone; (C) area in black box
of A showing infiltration of bone marrow by PMMA bone cement and
macrophage infiltrate; (D) area in black box of B showing inert giant cell
reaction to PMMA bone cement (black arrows) and diffuse particle
laden macrophage infiltrate with infiltration of fatty marrow and
interstitial space between areas of PMMA bone cement indicative of
macrophage motility. MoM, metal-on-metal; TOI, time of implantation;
HRA, hip resurfacing arthroplasty; PMMA, polymethyl methacrylate.
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immunogenicity of PE debris dependent on the size, shape
and especially state of oxidation of the particles (43).
Macrophage infiltrate with PE debris has been reported
since the late 1970s in cases of acetabular cup osteolysis
(44, 45). Macrophage ameboid and mesenchymal motility
has been found dependent on the architecture of the
matrix (46, 47), with plastic response to metal ions and
nanoparticles (48). Wear particle analyses suggest that the
presence of Co-rich particles is associated with
macrophage migration from the neo-synovium and
within the bone marrow (24, 49). These observations are
in contrast with the hypothesis that a downstreameffect of
Co- but not Cr-induced reactive oxygen species (ROS) leads
to inhibition of migration (50).

Periprosthetic soft tissue environment / bone
marrow environment

Recent advancements in mechanobiology have shown
dependence of macrophage activity on the extracellular
matrix structure (51), which can vary between neo-
synovium and fatty marrow, especially in regard to the
prevalent cytokines and chemokines. The hypothesis of
related immunogenicity of the bone marrow as an organ
also deserves proper attention (52).

Correlation between wear particle oxidation
and macrophage motility

The difference in the oxidative state between PE/metal-
derived particles (53) and ceramic particles of third and
fourth generation might provide an explanation why the

latter wear debris exhibits a predominant fibrous reaction
in the periprosthetic soft tissue and very limited
occurrence or absence of aseptic loosening/osteolysis is
reported in series of ceramic-on-ceramic (CoC) THA
implants (54, 55, 56). The only exception is a well-
documented series of 103 CoC THA, with follow-up
range between 60 and 125 months reporting 12 cases
with linear osteolysis and eleven cases with scalloping
expansile-type osteolysis and histological examination of
bone specimens of 13 cases, of which four by transmission
electron microscopy (57).

Macrophage and osteoclast activation

The macrophage infiltrate in the bone marrow appears to
advancewith a pushing border and themarked increase in
the osteoclastic activity representing an adjuvant
mechanism. The presence of macrophages possibly
downregulates levels of osteoprotegerin (OPG)
associated to the local expression of receptor activator
of NF-kB ligand (RANKL) and ROS formation, thereby
upregulating the differentiation of osteoclasts and bone
resorption (34) (Fig. 4B). The possible adverse effects of
macrophage motility and accumulation in other tissues
(58, 59) have not yet been determined andmay represent a
concern at long-term exposure, especially in the younger
population.

Frustrated phagocytosis reaction to PMMA
bone cement and radiographic
contrast material

The histopathological examination has shown that the
flattened foreign body giant cell around large
aggregates of poly(methyl methacrylate) (PMMA) bone
cement containing particles of radiographic contrast
material is an example of frustrated phagocytosis and
does not contribute to osteolysis (Fig. 3C and D).

In conclusion, evidence-based histopathological analysis
shows that macrophage-induced osteolysis should be
identified as a distinctive cause of implant loosening
with wear particle specification and correlation with
radiological studies and implant retrieval analysis.

The value of histopathological
examination for terminology
definition
Conventional histopathological examination of
periprosthetic soft tissue and bone should be
mandatory since it significantly contributes to
definitions and diagnoses of tissue reactions to implant-
and non-implant-related particulate material and to the
improvement of interdisciplinary understanding of
biological mechanisms of the reactions. Its values and
limitations are summarized in Table 4.

Figure 4

Osteolysis of cortical bone of proximal femur in a non-MoM THA with
CoCrMo DMN and TMZF stem, TOI: 12 months, blood Co 20 μg/L, Cr
3 μg/L. (A) DMN showing metal corrosion of the neck/stem male side.
(B) Mixed macrophage/lymphocytic infiltrate pushing border with a
front of marked osteoclastic activity (black arrows), with high
magnification of black box in inset, and area of necrotic tissue
(thick black arrow). DMN, dual modular neck; MoM, metal-on-metal; THA,
total hip arthroplasty; TOI, time of implantation; TMZF, titanium-
molybdenum-zirconium-iron; TOI, time of implantation.
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Radiological-histopathological
correlation
Evidence of positive radiological-histopathological
correlation is important because reporting of ALTRs is
based in most of cases on radiological findings without
histopathological analysis confirmation, although
radiological examination cannot completely substitute
histopathological examination in cases of complex
differential diagnosis of associated clinical conditions
mimicking an adverse reaction to wear particles and
metal ions. Good correlation between metal artifact
reduction sequence (MARS) or multi-acquisition with
variable resonance image combination (MAVRIC) and
histopathological analysis with tissue sampling at
surgery with magnetic resonance imaging (MRI)
guidance has been reported for MoM HRA and MoM
THA (19, 20, 60, 61, 62), as illustrated in a case of MoM
HRA in Fig. 5.

In a recent review article,MRI has been found to be a better
imaging modality for longitudinal surveillance of ALTRs in
MoM HRA and THA (63) and the use of MARS/MAVRIC MRI
has been crucial in the identification of cases confirmed by
histopathological analysis to be lymphocytic, predominant
at early or late stage of development with soft tissue/bone
necrosis and extracapsular involvement. MRI is also the
best modality to assess macrophage induced osteolysis,
with measurement of the volume of the neo-synovium
proliferation in high-risk patients through image
processing-based methods (64). However, a
histopathological study published in 2016 found that the
trend of ALTRs, forMoMHRA and THA after the recall of the
articular surface replacement (ASRTM), THA and HRA
system, was the predominant macrophage type with
limited amount of fluid and undetermined risk of
periprosthetic osteolysis (65). Recent reports have
confirmed the finding, showing a steady decline in the
revision burden of MoM hip arthroplasties (66), even in
ASRTM cohorts (67).

A summary of the terminology for ALTRs involving the
periprosthetic soft tissue and bone based on
histopathological and radiological findings, considering
the histological subtypes of the adverse reaction to
corrosion and metal wear debris (65) and the two major
types of aseptic osteolysis (68), is presented in Table 5.

The issue of the threshold value for ALTR of the
macrophage predominant pattern by semiquantitative
analysis and evaluation of cell necrosis cannot be
resolved by conventional histopathological examination
and needs data provided by more sophisticated analytical
techniques. The proposed classification of ALTRs based on
real-world medical evidence is only a first, necessary step
for the formulation of a glossary. The interpretation of
the corresponding lemmas validated by a
multidisciplinary team of experts (clinicians, basic
researchers, regulators and industry scientists) may lead
to the construction of a complete domain terminology and
a domain ontology in cooperation with experts of
information technology (69).

Conclusion
A common coding dictionary for ALTRs with clear
definition for each entity should be developed for
national arthroplasty registries, regulatory agencies and
the ICD system based on the classification of arthroplasty
implant-related pathology. Periprosthetic tissue sampling
at revision surgery for histopathological analysis should
become a mandatory, standard procedure with pseudo-/
anonymized pathology findings using coherent
terminology submitted to the national joint registries,
and when appropriate, to regulatory agencies. To attain
terminological precision and thereby prevent
misdiagnoses, ALTR is to be classified in due
consideration of definition of lymphocytic and
macrophage infiltrate, and a predominant macrophage
pattern with osteolysis/aseptic loosening is to be classified

Table 4 Merits and limitations of the histopathological examination.

Merits Limitations

Analysis of cellular composition of ALTRs with classification of subtypes with
adjuvant techniques

Amount of information provided by light microscopy
examination with H&E staining

Identification and reporting of ‘sentinel’ cases of ALTRs to national arthroplasty
registries and regulatory authorities

No predictive value for long-term outcome and
systemic effects

Clarifying the natural history of ALTRs through standardized tissue sampling and
pathology registry as part of the international consortium of national
arthroplasty registries

Need of an invasive procedure (fine-needle biopsy or
revision/reoperation surgery)

Intracellular particle analysis (soft tissue and bone) with state-of-the-art
technology when appropriate
Repository of periprosthetic tissue for re-testing with development of new
technologies
Histological slide scanning for case sharing, education and AI generated data
analysis
Identification of lines of clinical, basic and translational research

AI, artificial intelligence; ALTRs, adverse local tissue reactions; H&E, hematoxylin and eosin.
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as a type of ALTR. In research and clinical practice,
definition of osteolysis should always be based on
radiological images and comparative histopathological
examination of the bone tissue. An evidence-based
classification of ALTRs with emphasis on differential
diagnosis should be developed for radiological

diagnosis (MRI and ultrasound studies) through
retrospective correlation with histopathological
examination of the periprosthetic soft and bone tissue.
With the ultimate aim of better patient care, the
cooperation between clinical and basic researchers,
stakeholders including patients, healthcare providers,

Table 5 Proposed ALTR categories for periprosthetic soft tissue and bone in evidence-based histopathological and radiological

examination.

ALTR categories

Periprosthetic soft tissue Periprosthetic bone

Immunological reaction to particulate metal debris with
histopathological evidence of predominant lymphocytic component
(>grade 2) w/wo soft tissue necrosis and w/wo extracapsular
extension (bursitis) or radiological (MRI) findings consistent with
these criteria

Mechanical osteolysis (micromotion at the interface surface, stress
shielding and others) with implant micromotion / loosening

Allergy reaction to implant material with confirmatory cutaneous
hypersensitivity test and histopathological examination of
periprosthetic tissue with lymphocytic inflammatory infiltrate

Macrophage/particle wear-driven osteolysis (PE, metal, PMMA
cement, ceramic, mixed and others) w/wo implant micromotion/
loosening or radiological (MRI) findings consistent with these criteria

Wear particle reaction of predominant macrophage component
w/wo FBGC associated with extracapsular extension (bursitis) and/or
macrophage/particle wear driven osteolysis with/without implant
loosening

Osteonecrosis

Granulomatous type (immune/sarcoid-like granulomas)
Arthrofibrosis

ALTRs, adverse local tissue reactions; FBGC, foreign body giant cells; MRI, magnetic resonance imaging; PE, polyethylene; PMMA, poly (methyl)methacrylate;
w/wo, with/without.

Figure 5

Radiological-histopathological correlation in a case of MoMHRA. (A) MAVRIC-MRI image showing intracapsular accumulation of fluid (high signal intensity)
with variable thickness of the pseudocapsule (thick white arrow) and area of osteolysis (low signal intensity) in the femoral head/neck junction (thin white
arrow); (B) metal stemmed femoral cup inserted in the proximal femur to resurface the femoral head showing areas of osteolysis; (C) femoral head/neck
stump with orthopedic cement cap showing full extension of the osteolytic cavity (white arrow); (D) histological section of the articular pseudocapsule;
(E) dense lymphocytic aggregates; (F) neo–synovium fibrosis with loss of surface layer; (G) histological section of area of osteolysis with cavity filled with
necrotic macrophage cell debris; (H) area in black box of G showing lymphocytic aggregates and wall of necrotic area lined by particle laden
macrophages; (I) high power of lymphocytic aggregate admixed with particle laden macrophages (black arrow). MoM, metal-on-metal; HRA, hip
resurfacing arthroplasty; MAVRIC-MRI, multiacquisition variable-resonance image combination-MRI.
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financiers (governments and insurance companies), public
health and regulatory agencies, industry, and the media
(70) should be strengthened by conjoint postulation and
fostering of a unified ALTRs-related terminology for the
identification of patients and implants at risk and
elucidation of the mechanisms of particle wear–host
interaction . At last, a common effort by the medical
and scientific community for the adoption of an
evidence-based terminology for ALTRs to arthroplasty
implants is even more urgent and necessary to avoid
that ambiguous or incorrect diagnoses would become
an integral part of the collection of digital real-world
data used for their analysis by AI or machine learning
techniques for evidence-based decision making.
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