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Abstract

Background: When particles deposit for instance in the lung after
inhalation or in the hip joint after local release from a hip implant
material they can initiate a defense response. Even though these
particles originate from inert materials such as polyethylene (PE) or
titanium, they may cause harm when reaching high local doses and
overwhelming local defense mechanisms.

Main body: This paper describes the parallels between adverse
outcome pathways (AOP) and particle properties in lung overload and
periprosthetic osteolysis (PPOL). It is noted that in both outcomes in
different organs, the macrophage and cytokine orchestrated
persistent inflammation is the common driver of events, in the bone
leading to loss of bone density and structure, and in the lung leading
to fibrosis and cancer. Most evidence on lung overload and its AOP is
derived from chronic inhalation studies in rats, and the relevance to
man is questioned. In PPOL, the paradigms and metrics are based on
human clinical data, with additional insights generated from in vitro
and animal studies. In both organ pathologies the total volume of
particle deposition has been used to set threshold values for the onset
of pathological alterations. The estimated clinical threshold for PPOL
of 130 mg/ml is much higher than the amount to cause lung overload
in the rat (10 mg/ml),although the threshold in PPOL is not necessarily
synonymous to particle overload.

Conclusions: The paradigms developed in two very different areas of
particle response in the human body have major similarities in their
AOP. Connecting the clinical evidence in PPOL to lung overload
challenges relevance of rat inhalation studies to the human lung
cancer hazard.
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1137897’ Amendments from Version 1

It has been made clear throughout the text that the role of
overload is less apparent for PPOL than in the lung and that

the threshold (in the joint) is not necessarily synonymous to
particulate overload. Overload definition has been changed to be
congruent to 6% of macrophage volume which was suggested
by Morrow (1988). Figure 1 was amended to illustrate that
particle accumulation is a consequence of clearance impairment.
In addition in the text referring to Figure 1 it is mentioned that
IL-10 and TGF-b are also strong pro-fibrotic molecules with
reference to Huaux (2018) and that osteoclasts are derived from
the monocyte/macrophage lineage by the action of macrophage
colony stimulating factor (M-CSF) and receptor activator

of nuclear factor-kB ligand (RANKL). In the Discussion and
conclusions the threshold values have been put in perspective
since similar metrics for both endpoints are missing.

Any further responses from the reviewers can be found at
the end of the article

Plain language summary

When walking the stairs, dancing or doing groceries we use our
hips. When growing older many people need a new hip, since
dysfunction of a hip causes major discomfort, pain and reduces
quality of life. A new hip prosthesis can be inserted surgi-
cally to restore normal function and this procedure is nowadays
very common as the average age of population increases.
The lifetime of a new hip is determined by the wear rate of the
materials in the moving part. These little particles may lead
to a dysfunctional hip joint. This phenomenon is described by
doctors as hip particle disease. The lung is our most important
organ for supply of oxygen to the blood and very vulnerable
to high amounts of particle inhalation such as in dusty jobs
such as former coal mining. Interestingly, the lung reacts to par-
ticle presence in the same standard way as the bone. Upon a
certain dose of particles, both in lung and bone an inflammatory
response is noted that leads to scar tissue in the lung and bone
damage in the joint. The nature of the materials and particles is
less important but only the dose counts, until a certain threshold
is exceeded. This paper connects these two worlds of science and
gives some hints for both doctors in lung disease and orthopedics
how to use each other’s know-how and learning curves.

Introduction

Inflammatory diseases can affect many organs and can come in
different manifestations including rheumatoid arthritis (RA),
Crohn’s disease and asthma. Chronic inflammation plays a key
role in the pathogenesis and progression of many medical condi-
tions (Furman et al., 2019). Inflammation and the immune cells
involved influence the activities of local tissue cells, often
leading to local damage and tissue repair and remodeling
(Weitzman et al., 1985). In two specific target area’s inflam-
mation is driven by a high local load of inert particles, that is
the lung (by inhalation of particles) and the bone in case an
internal hip implant releases large amounts of debris particles.

More than 30 years ago Morrow (1988) observed that particle
retention increased in rats when they inhaled high concentrations
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of insoluble particles during a longer time period. Under
such conditions, rats also developed lung fibrosis and lung
cancer after lifetime exposure. This observation led to the
understanding that any poorly soluble low toxicity particles
(PSLT) can cause lung cancer in the rat, provided exposure is
sufficiently high. This has been confirmed for materials as
diverse as carbon black, TiO,, toner, diesel exhaust particles,
talc powder and iron oxide particles, as well as polymer parti-
cles. The process is now commonly described as “lung particle
overload” and in the rat this phenomenon can be recognized by
a sequence of events, including accumulation of particle laden
macrophages, persistent neutrophilic inflammation, epithelial
hyperplasia, metaplasia, lung fibrosis and formation of lung
tumors (Borm et al., 2015; ECETOC, 2013). Whereas originally
volumetric load of the lung and macrophages was used as a
metric to describe dose-rate and clearance retardation, it is now
suggested that particle surface dose might be a better descriptor
of inflammation and subsequent genotoxic responses (Driscoll
et al., 1997; Driscoll & Borm, 2020)

Metal alloys and polymer materials have been used for more
than 50 years to replace hip segments such as the femoral stem
and acetabular shell. The articular surface on the femoral side is
usually substituted by parts made of metal alloys or ceramic.
Various forms of polyethylene (PE) are used to for the articular
surface on the acetabular side (Kandahari et al., 2016).
In the orthopedics community particles generated from artificial
hip implants during movement which are then released into
the synovial fluid have been described for decades (Dumbleton
et al.,, 2002; Gallo et al., 2014). The release of particles from
different implant materials is a continuous process and known
to lead after time to an inflammatory response in the syno-
vial fluid and peri-prosthetic bone (Goodman & Gallo, 2019;
Mihalko et al, 2020). While low wearing hip implants were
predicted to stay osteolysis-free, hip implants with a higher wear
rate would inevitably lead to osteolysis (Mbalaviele ez al., 2017).
Recent clinical reviews (Elke & Rieker, 2018) have estimated
and quantified a particle volume of approximately 670 mm?’
as the osteolysis threshold after total hip arthroplasty (THA).
Beyond this volumetric threshold, osteolysis is known to start
and affect function and structure of the peri-prosthetic bone.

This review sets out to compare the AOP underlying rat lung
fibrosis and cancer in lung particle overload in rats, and
that for wear induced osteolysis (PPOL) from artificial hip
implants. Doing so we focus on inert particle wear for the
purpose of making the comparison based on inherent particle
characteristics such as volume, size, surface and numbers. This
cross-disciplinary effort is then continued to compare the
human relevance of the paradigms developed in both endpoints.

PSLT and Lung overload- current paradigms

Lifetime rat inhalation studies with different particles includ-
ing titanium dioxide, carbon black, but also talc and toner
(Heinrich et al., 1995 and Heinrich er al., 1986) showed
that these so-called inert particles of low inherent toxicity
(PSLT) can cause both lung fibrosis and lung tumors. This lung
response is independent of particle type and is characterized
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by an accumulation of particle laden macrophages, persistent
neutrophilic inflammation, epithelial hyperplasia, metapla-
sia and interstitial fibrosis (Borm et al., 2015; Driscoll & Borm,
2020). Many inhaled particles induce in vitro and in vivo
reactive oxygen species (ROS) production (review: Ma,
2020) as well as downstream inflammatory effects (reviews:
Ma, 2020; Riediker et al., 2019). Apart from producing ROS,
inflammatory phagocytes (M1) and structural cells produce
growth factors, cytokines and chemokines upon contact with
particles (Bissonnette er al., 2020) to maintain lung homeosta-
sis. After a phase of acute inflammation resolution and tissue
repair is observed which involves type 2 cytokines, M2 mac-
rophages, Th2 lymphocytes and is orchestrated by so-called
specialized pro-resolving mediators (SPMs). Resolution of
inflammation is often disturbed and incomplete due to the
presence of particulate matter in the tissue which can lead to
persistent type 2 inflammation. In long term this remodeling
can lead to interstitial fibrosis, granuloma and tumor forma-
tion (Ma, 2020). Recent studies also reveal the involvement of
Th17-, T-reg and other responses in the subsequent pathogen-
esis caused by inhaled particulates and is considered a long
term immune response playing a role in the long-term outcome
of particle induced inflammation (Huaux, 2018; Ma, 2020).

The fact that any sufficiently high dose of inert particles is able
to cause lung fibrosis and cancer in the rat was denominated as
lung particle overload (Morrow, 1988). Both Morrow (1988)
and many sequel studies demonstrated that a specific thresh-
old related to the volume of particles phagocytized by alveo-
lar macrophages needs to be exceeded before the acute and
chronic effects are initiated. This threshold was suggested to
be directly connected to the volume of the macrophage popu-
lation leading to impaired macrophage function after loading
a certain fraction of this clearance cell system (Oberdorster,
1996). Morrow’s original theory was simple and stated that
beyond a certain cellular uptake of particles by the alveolar mac-
rophage (around 6% of it volume) clearance will be impaired and
retained lung burden will no longer be able to reach a steady-
state but increase with exposure. He also showed a connection
between fractional elimination rate (/day) and the retained par-
ticle lung burden both in volume (ul) and in surface dose (cm?).
The above macrophage volume (6 % of total) corresponds to
1 pl per gram lung (Oberdorster, 1996) or 200 cm? (Tran et al.,
2000) per lung and complete inhibition of clearance was present
at 10 pl (= 10 mm?) per gram of lung. This lung overload
phenomenon is considered to be a threshold phenomenon,
which has implication for both hazard and risk assessment of
inhaled particles. Despite the considerable research which has
been undertaken on the lung particle overload phenomenon
debate continues until today regarding the underlying
mechanism(s), species similarities and differences (Driscoll &
Borm, 2020).

Wear rate and osteolysis- current paradigms

Periprosthetic osteolysis (PPOL) is commonly regarded as the
adverse outcome as a response to an artificial hip implant that
determines its lifetime. PPOL is considered to be caused by the
cellular response of the human bone to wear debris. Any type
and size of particle (polymer, ceramic, or metal) is suggested
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to be a hazard for osteolysis, hence the alternative term particle
disease was introduced early to describe this phenomenon
(Dumbleton et al., 2002; Goodman et al., 2020). Wear parti-
cles can be induced by different physical and chemical proc-
esses including wear, but also due to abrasive and third body
actions, fatigue of the material, and corrosion or brittle materials.
Although pressure differences have been shown to play a role in
PPOL (van der Vis et al., 1998), it is more prevalent in the pres-
ence of wear. Numerous responses induced by wear parti-
cles on osteoclasts have led to the understanding that this cell
is the most important effector cell in PPOL. In addition it is
generally accepted that particles smaller than 1 micrometer are
most likely to cause the osteolytic response, but this evidence
is mainly based on in vitro studies (review: Gibon et al., 2017;
Mbalaviele et al., 2017; Nine et al., 2014).

Before market introduction and clinical introduction, wear
rate of total hip joint prosthesis is to be measured according to
1SO14242-1, 2 and 3 and is part of the submission file to noti-
fied bodies. The osteolysis free lifetime is actually calculated
from the volumetric wear rate as:

osteolysis free life = osteolysis threshold (mm®) /volumetric
wear rate (mm’/year)

It is generally accepted that a threshold for periprosthetic oste-
olysis exists, and its value is based on a series of clinical obser-
vations and derived from long-term wear, which is clinically
assessed as penetration of the head into the cup liner using
2D anteroposterior radiographs. There are two different ways
to define an osteolysis threshold, either using a linear wear
rate (in mm/year) or a total accumulated wear volume (mm?
or ml). Dumbleton er al. (2002) stated that osteolysis occurs
rarely when linear wear rates are between 0.05 and 0.1 mm/year.
A more recent clinical review (Elke & Rieker, 2018) assessed
the total wear volume to assess the osteolysis free life of total
hip arthroplasty. They concluded that a cumulative wear volume
of 670 mm® (range 590-800) of polyethylene particles will
induce osteolysis. The narrow range between 590 and 800 mm?
points to a well-controlled and characteristic response of
the human body to these UHMWPE or other types of wear
particles (Merola & Affatato, 2019).

Particles and their constituents generated by wear from hip
or knee can also reach local lymph nodes as well as the spleen,
liver and kidneys (Gallo er al., 2014; Nine et al, 2014;
Revell, 2008). Wherever particles accumulate, a granuloma-
tous reaction characterized by multinucleated giant cells and
macrophages containing particles, lymphocytes and other
inflammatory cells may occur, depending on the number of
particles and their size (Goodman & Gallo, 2019). In addi-
tion to this a type IV cell-mediated immune reaction
may occur, when THI cell response and active antigen
presentation are involved (Nich er al, 2016; Revell, 2008).
Such reactions are mostly seen in failed arthroplasties with a
very high load of wear debris. They occur mostly in close prox-
imity to the implant, but may also be found with decreasing
incidence and severity in local lymph nodes, and occasionally
in remote organs, such as the liver.
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Particle induced pathology in lung and bone- a
common mechanism of action?

Both lung and bone and lung develop a response to particle wear
or deposition which in bone leads to degradation of the bone
(periprosthetic osteolysis, PPOL) and in the lung to increased
proliferation and fibrosis. Similar mediators and effectors
cells are involved in a process that seems to be initiated by a
certain volumetric particle load and more or less independent
from the used particle material. Studies on osteolysis have been
driven and fed by clinical performance of implants and the quest
for better materials with less wear particles, increasing the func-
tional lifetime of implants (Goodman et al., 2020; Mihalko
et al., 2020). Particles are generated from hard, durable and
biocompatible materials such as HMWPE, metals, ceram-
ics and PEEK that have been around for a few decades, and the
transition to new materials has been slow due to strong demands
on functional testing and clinical evaluation. New (nano) mate-
rials and structures, to reduce wear and at the same time pro-
vide anti-microbial protection are available but barely being
used in current products (Mihalko et al., 2020). In addition, new
production methods such 3D printing can fabricate personalized
organs/scaffolds that are capable of biomimicking the delicate
structures and surfaces of the bone components (Okolie et al.,
2020). These applications apply new (bio)materials such as
collagen, nano Ca-Phosphate, cellulose, PLGA, and alginates
that are needed for hard/soft tissue engineering. It is anticipated
that with these structures and materials, interfaces are made
which are less prone to release of particles, or debris that shows
less immunogenic or inflammatory response (Albrektsson &
Wenneberg, 2019).

LUNG

Inhalation

Deposition distribution
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In lung toxicology, the nuisance particle issue more or less
disappeared from the fore due to successful fight against
occupational particle induced diseases such as coal worker’s
pneumoconiosis or asbestosis. However, in recent years the toxi-
cology of so-called particles with no inherent toxicity (PSLT)
has become extremely important with regard to the classifica-
tion of materials within the framework of CLP. The recent sub-
stance classification of titanium dioxide as a class II carcinogen
(ECHA, 2017) has illustrated the limitations of a hazard based
CLP legislation (Riebeling et al., 2020). Based on this hazard
approach it is expected that other low-toxicity particulate
materials such as talc powder and carbon black will follow the
same classification and are subsequently banned from value
chains in classic industry, concerning pigments, cosmetics,
excipients and many other products.

Both in lung fibrosis and periprosthetic osteolysis (PPOL) it is
recognized that accumulation of particles either from inhala-
tion or released wear is crucial. At a certain burden of particles,
the normal biological response will not be able to cope with pres-
ence and clearance of material. The macrophage is considered
to play a crucial role in response to implant wear (Goodman
& Gallo, 2019; Nich & Goodman, 2014; Nich et al., 2016)
or inhaled particles (Ma, 2020; Riediker er al, 2019) and it
is accepted that the accumulation of particles does not result
immediately in an adverse effect. After a phase of acute inflam-
mation resolution and tissue repair is observed, which usu-
ally involves type 2 cytokines such as IL-10 and TGF-Beta
(see Figure 1), M2 macrophages, Th2 lymphocytes and is
orchestrated by so-called specialized pro-resolving mediators

HIP IMPLANT

Mechanical stress, wear, corrosion

Debris

clearance impairment and
macrophage (M1) activation

‘ Particle accumulation |

INFLAMMATION (M1/M2 ratio)

TNF IL-8,IL-10

TGF-B

ROS, Cytokine release
Proteases (MAPK)

) TNF, IL-1, IL-6

RANKL- NF-kB,

Neutrophils
Type Il cell proliferation

Mutations type Il cells
Neoplastic changes

FIBROSIS/CANCER

proteases

Osteoclast progenitor cells (OCP)
Osteoclast proliferation

PPOL

Figure 1. Schematic presentation of adverse outcome pathway of particle exposure in lung and bone, showing the common
pathways, mediators and cells caused by particle deposition and impaired clearance leading to inflammation. However,
depending on environment and target different effector cells and endpoints are being induced. Abbreviations: TNF-q, tumor necrosis factor-
alpha; TGF-Beta: transforming growth factor-beta, IL-1, IL-6, IL-8 IL-18: Interleukins 1,6, 8 and 18 ; MMP, metallo-proteinases; MAPs, mitogen
activated protein kinases; RANKL, receptor activator of nuclear factor kappa-B ligand ;NF-kB, Nuclear Factor- Kappa B; AP-1, Activator protein-1;
PPOL is pre-prosthetic osteolysis. M1 and M2 are different types of macrophages.
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(SPMs). Resolution of inflammation is often disturbed and
incomplete due to the presence of particles and fibrous fragments
in the tissue which may lead to persistent type 2 inflammation.
In the long term the ongoing remodeling in the presence of
chronic low inflammation can lead to interstitial fibrosis,
granuloma and tumor formation (Ma, 2020)

This chronic, low inflammatory reaction is also the crucial mode
of action causing periprosthetic osteolysis (PPOL) due to wear
debris. The evidence was gathered in a series of in-vitro studies
(Lei et al., 2019), in vivo experiments (Bechtel et al., 2016)
and the analysis of tissues harvested during reoperations
(Gallo et al., 2014). Many in vitro and in vivo studies have shown
that particles generated from prosthetic materials cause immune
cells such as M1 and Thl cells to express pro-inflammatory
cytokines, chemokines and other substances (Table 1). Another
piece of evidence is provided by studies that have detected
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from tissue obtained after re-operation of PPOL (Gallo er al.,
2014). The osteoclast, as the most important effector cell
at the bone-implant interface, is affected by the release of
proteases, changed lining fluid and effects on receptor acti-
vator of nuclear factor kappa-B ligand (RANKL)-dependent
pathways (Goodman & Gallo, 2019). In concert these factors
can cause local changes in differentiation, maturation, activation,
and survival of this cell type, with a crucial detrimental effect on
bone formation as an outcome.

Considering the above summary of mechanisms involved, it is
no surprise that particle-induced inflammation is the common
driver in the adverse outcome pathway in both lung fibrosis
and bone osteolysis (Figure 1). In both cases it seems that
an internal dose of small particles is reaching a level where
macrophage clearance is impaired and this induces cytokine
release from macrophages (M1) that leads to influx and stimula-

the same mediators and effector cells

in tissues retrieved

tion of local cells. In the lung tissue the chronic low inflammatory

Table 1. Characteristics of particle deposition in lung and wear in bone leading to lung fibrosis or periprosthetic osteolysis.

Parameter

Materials
(particles)

Relevant size
range

Exposure

Deposition rate
Particle
distribution
Biological

Response

Cytokine
involvement

Activation
pathways

Main effector
cell(s)

Sequel
responses

Threshold

Lung fibrosis/cancer

Non-specific (e.g TiO,, carbon black,

iron oxides), poorly soluble low toxicity

particles (PSLT).

0.5 - 5.0 micrometer
Nanoparticles have higher intrinsic
activity due to surface area
Inhalation

(concentration x duration)

Alveolar deposition minus dissolution

and clearance

Interstitial access, transport to lymph
nodes

Alveolar inflammation: neutrophil
influx

TNF-q, IL-8, TGF-3, IL-10

MAP kinases, NF-kB, Stat-1

Type II epithelial cells ,interstitial
fibroblasts

Type II cell Hyperplasia, Interstitial
lung fibrosis, Lung cancer

200 cm?/gram lung (rat)
10 mm?/rat lung

Periprosthetic Osteolysis
Non-specific (polymer, ceramics,

metals), most data based on
UHWMPE

0.1- 10 micrometer
Nanoparticles identified from
ceramics and nitride coated metals

Internal release from implant
(wear rate x duration)

Wear rate combination of materials,
components and design

Local in tissue surrounding implant,
lymph nodes

Synovial inflammation (M1/M2 ratio)

TNF-q, IL-1, IL-6, IL-18, MMP, MAPK

MAP kinases, RANKL ,NF-kB, AP-1

Osteoclasts, fibroblasts

Synovial plagues, Osteolysis

670 mm3(human)
130 mg/ml synovial fluid (human)

Key references (reviews)

Driscoll & Borm (2020); IARC (2010);

Merola & Affatato (2019); Mihalko
et al. (2020)

Gibon et al. (2017); Morfeld et al.
(2006); Nine et al. (2014); Riediker
etal (2019)

Elder et al. (2005); Merola & Affatato
(2019)

Oberdorster, 1996

Elder et al. (2005); Gallo et al. (2014);
Nikula et al. (2001)

Goodman et al. (2020); Ma (2020);
Niche & Goodman (2014); Riediker
etal. (2019)

Ma (2020); Piguet et al. (1990)
Kandahari et al. (2016); Nine et al.
(2014)

Ma (2020); Nich & Goodman (2074)
Mbalaviele et al. (2017); Revell (2008)

Bissonnette et al. (2020);, Kandahari
et al. (2016);, Mbalaviele et al. (2017)

Goodman & Gallo (2019); Khalil et al.
(2007); Tzouvelekis et al. (2019)

Elke & Rieker (2018); Morrow (1988);
Tran et al. (2000)

Abbreviations: TNF-a, tumor necrosis factor-alpha; IL-1, IL-6, IL-8 IL-18: Interleukins 1,6, 8 and 18 ; MMPR metallo-proteinases; MAPs, mitogen activated protein
kinases, RANKL, receptor activator of nuclear factor kappa-B ligand ;NF-kB, Nuclear Factor- Kappa B; AP-1, Activator protein-1
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response leads to cell damage, cell proliferation and fibro-
sis or neoplastic changes in the tissue. The anti-inflammatory
cytokines (IL-10, TGF-B) are also strong pro-fibrotic, which
implies that the persistence of particles in the lung fuels the
fibrotic response (Huaux, 2018).

In the joint however, the chronic inflammatory response leads to a
stimulation of OPC and a decrease of bone formation which even-
tually leads to PPOL. In both cases the cumulative load and ini-
tial inflammatory response caused by non-toxic particles seems to
drive the chronic low inflammation, in which the key effector cells
are the local M1 and M2 macrophages. Although there are major
differences between the local macrophages and the influx of neu-
trophils and other structural effector cells (e.g. fibroblast) between
joint affecting bone and lung, a common AOP as depicted in
Figure 1 is apparent. It is worth mentioning in this context that
osteoclasts are derived from the monocyte/macrophage lineage
and this process is mediated by macrophage colony simulating
factor and receptor activator of NfKB-ligand (RANKL). In
both cases there is abundant evidence for a threshold dose for
particles needed to reach and maintain the low chronic inflamma-
tion to cause different chronic adverse effects.

Discussion and conclusions

This review has documented a number of parallels between
two different fields of particle induced disease, that have rarely
been connected before. Strong parallels are noted between
the mode of action, mediators involved and the fact that the
final effects are independent of material. In both endpoints
(lung fibrosis and PPOL) a clear threshold is described beyond
which the inflammatory response initiates. In lung particle over-
load the observed threshold in rats has been used to set a no
observed exposure level (NOAEL) for inflammation, which
in turn is important in setting occupational exposure limits
for to humans exposed to so-called nuisance dusts (ECETOC,
2013; MAK, 2014). On the other hand, based on their ability to
induce (chronic) inflammation and lung cancer in the rat, the EU
classification considers that such a hazard cannot be excluded
in humans (ECHA, 2017). The recent classification of TiO, as a
class 2 carcinogen has illustrated the limitations of EU legisla-
tion in this respect (Riebeling et al., 2020). Numerous papers
have indicated that the inflammatory environment in lung par-
ticle overload in the rat may be unique in the extent of its
inflammatory response and may be unique regarding the
sequel of carcinogenicity (Bermudez et al., 2002; Elder et al.,
2005; Heinrich et al., 1995; Nikula er al., 2001). In addition
to quantitative differences, there are qualitative differences in
the inflammatory response of rats and other species — the rat
inflammatory response has a marked neutrophilic component,
which is largely absent in humans and non-human primates and
diminished in hamsters and mice (Bermudez er al., 2002; Ma,
2020).

The case of wear particle induced PPOL is an interesting
benchmark for the above considerations in the lung. The wear
rate of HMWPE, as the most used liner material, is between
0.058 and 0.137 mm/year leading to theoretical lifetime between
10 and 20 years. Many studies show that the release of wear
particles drives the osteolysis in bone, and a volumetric thresh-
old of 670 mm?® is a now accepted as the biological effective

Open Research Europe 2022, 1:16 Last updated: 12 MAY 2022

dose based on a systematic review of clinical data (Elke &
Rieker, 2018). In addition, clinical follow-up of patient cohorts
with PPOL do not show an association with local cancer (e.g.
Pijls et al., 2016), whereas internal particle exposure is proven
to exceed internal macrophage clearance. Although initially a
slightly increased cancer mortality was found in cohorts with
metal-on metal (MoM) implants (Visuri er al, 2010), later
and larger studies (Makela et al, 2014; Pijls et al., 2016) did
not observe a total or specific cancer mortality. Perhaps the
strongest evidence for absence of cancer risk is presented by
a large cohort multicenter survey showing that contemporary
cementless THA in young hematological disease patients after
bone marrow transplantation is not associated with a higher risk
for surgical complications, revision, reoperation, readmission,
and mortality after 11-years follow-up (Kim et al., 2021). A
second lesson may be drawn from the clinical case of THA
induced osteolysis, and that is one the dose causing such effects
in humans. The volumetric threshold is mainly based on out-
comes in patients with HMWPE liners (Elke & Rieker, 2018).
At a density of 0.97 g/cm® this means a weight of 0.65 gram
(650 mg) of PE particles and assuming that mean particle
size of debris is 1 or 3 um the total number of PE particles is
1.3 x 10°and 4.7 x 10%, respectively. The distribution volume of
synovial fluid is estimated at an average of 5 ml based on MRI
estimates in 52 subjects (Moss et al., 1998). In worst-case (no
clearance, no dissolution) this would lead to a concentration in
synovial fluid of 130 mg/ml or 2.6 x 10® particles/ml, which is
really different from the amount observed to cause lung over-
load in the rat (200 cm? or 1 pl/gram lung). At the moment there
is no further data to allow a comparison of PPOL and lung
overload using the same metric.

In summary, both in lung fibrosis/cancer and PPOL, particle
overload has been recognized for decades although the impact
of this finding has been very different in both fields. After
30 years of its original description the debate on lung parti-
cle overload continues. The underlying mechanism(s) and dif-
ferences between species and the implications for human
hazard and risk assessment have only recently led to partial
consensus (Driscoll & Borm, 2020). The recent classification
of TiO, respirable particles by the European Chemical Agency
(ECHA) as a suspected carcinogen may also impact current
thinking on submicron sized TiO, particles as wear from hip
implants. However, as we have shown in this review PPOL
after hip arthroplasty is not associated with increased risk
of cancer, despite a human dose that is considered to cause
particle overload. It is anticipated that the interaction between
both fields can lead to further cross-fertilization of paradigms
and interpretation of animal studies.

Data availability
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No data are associated with article.

Acknowledgements

All opinions, critical data reviews and conclusions in this review
are the authors’ own and were not influenced or contributed to
by the sponsors. I would like to thank Daniel Delfosse (formerly
Matthys Lltd, Switzerland) for his initial input in the concept.

Page 7 of 14



References

Open Research Europe 2022, 1:16 Last updated: 12 MAY 2022

Albrektsson T, Wennerberg A: On osseointegration in relation to implant
surfaces. Clin Implant Dent Relat Res. 2019; 21 Suppl 1: 4-7.
PubMed Abstract | Publisher Full Text

Bechtel CP, Gebhart J), Tatro JM, et al.: Particle-Induced Osteolysis Is
Mediated by TIRAP/Mal in Vitro and in Vivo: Dependence on Adherent
Pathogen-Associated Molecular Patterns. / Bone Joint Surg Am. 2016; 98(4):
285-29.

PubMed Abstract | Publisher Full Text

Bermudez E, Mangum JB, Asgharian B, et al.: Long-term pulmonary responses
of three laboratory rodent species to subchronic inhalation of pigmentary
titanium dioxide particles. Toxicol Sci. 2002; 70(1): 86-97.

PubMed Abstract | Publisher Full Text

Bissonnette EY, Lauzon-Joset JF, Debley JS, et al.: Cross-Talk Between Alveolar
Macrophages and Lung Epithelial Cells is Essential to Maintain Lung
Homeostasis. Front Inmunol. 2020; 11: 583042.

PubMed Abstract | Publisher Full Text | Free Full Text

Borm P, Cassee FR, Oberddrster G: Lung particle overload: old school -new
insights? Part Fibre Toxicol. 2015; 12: 10.
PubMed Abstract | Publisher Full Text | Free Full Text

Driscoll KE, Borm PJA: Expert workshop on the hazards and risks of poorly
soluble low toxicity particles. Inhal Toxicol. 2020; 32(2): 53-62.

PubMed Abstract | Publisher Full Text

Driscoll KE, Deyo LC, Carter JM, et al.: Effects of particle exposure and
particle-elicited inflammatory cells on mutation in rat alveolar epithelial
cells. Carcinogenesis. 1997; 18(2): 423-430.

PubMed Abstract | Publisher Full Text

Dumbleton JH, Manley MT, Edidin AA: A literature review of the association
between wear rate and osteolysis in total hip arthroplasty. / Arthroplasty.
2002; 17(5): 649-661.

PubMed Abstract | Publisher Full Text

ECETOC: Poorly soluble particles/Lung overload- technical report 122.
CEFIC- Brussels. 2013.

Reference Source

ECHA: RAC Committee for risk assessment. Opinion proposing harmonised
classification and labelling at EU level of Titanium dioxide. EC Number:
236-675-5 CAS Number: 13463-67-7, CLH-O-0000001412. 2017.

Reference Source

Elder A, Gelein R, Finkelstein )N, et al.: Effects of subchronically inhaled
carbon black in three species. I. Retention kinetics, lung inflammation,
and histopathology. Toxicol Sci. 2005; 88(2): 614-29.

PubMed Abstract | Publisher Full Text

Elke R, Rieker CB: Estimating the osteolysis free life of a total hip prosthesis
depending on linear wear rate amd head size. Proc Inst Mech Eng H. 2018;
232(8): 753-758.

PubMed Abstract | Publisher Full Text

Furman D, Campisi J, Verdin E, et al.: Chronic inflammation in the etiology of
disease across the life span. Nat Med. 2019; 25(12): 1822-1832.

PubMed Abstract | Publisher Full Text | Free Full Text

Gallo J, Vaculova J, Goodman SB, et al.: Contributions of human tissue
analysis to understanding the mechanisms of loosening and osteolysis in
total hip replacement. Acta Biomater. 2014; 10(6): 2354-2366.

PubMed Abstract | Publisher Full Text | Free Full Text

Gibon E, Cérdova LA, Lu L, et al.: The biological response to orthopedic
implants for joint replacement. II: Polyethylene, ceramics, PMMA, and
the foreign body reaction. / Biomed Mater Res B Appl Biomater. 2017; 105(6):
1685-1691.

PubMed Abstract | Publisher Full Text | Free Full Text

Goodman SB, Gallo J: Periprosthetic Osteolysis: Mechanisms, Prevention
and Treatment. J Clin Med. 2019; 8(12): 2091.

PubMed Abstract | Publisher Full Text | Free Full Text

Goodman SB, Gallo J, Gibon E, et al.: Diagnosis and management of implant
debris-associated inflammation. Expert Rev Med Devices. 2020; 17(1): 41-56.
PubMed Abstract | Publisher Full Text | Free Full Text

Heinrich U, Fuhst R, Rittinghausen R, et al.: Chronic inhalation exposure of
Wistar rats and two different strains of mice to diesel engine exhaust,
carbon black, and titanium dioxide. Inhal Tox. 1995; 7(4): 533-556.
PubMed Abstract | Publisher Full Text

Heinrich U, Muhle H, Takenaka S, et al.: Chronic effects on the respiratory
tract of hamsters, mice and rats after long-term inhalation of high
concentrations of filtered and unfiltered diesel engine emissions. / App/ Tox.
1986; 6(6): 383-95.

Publisher Full Text

Huaux F: Emerging Role of Immunosuppression in Diseases Induced by
Micro- and Nano-Particles: Time to Revisit the Exclusive Inflammatory
Scenario. Front Immunol. 2018; 9: 2364.

PubMed Abstract | Publisher Full Text | Free Full Text

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.

Carbon Black, Titanium Dioxide, and Talc. Lyon, France: World Health
Organization. 2010; 93.

Kandahari AM, Yang X, Laroche KA, et al.: A review of UHMWPE wear-induced
osteolysis: the role for early detection of the immune response. Bone Res.
2016; 4: 16014.

PubMed Abstract | Publisher Full Text | Free Full Text

Khalil N, Churg A, Muller N, et al.: Environmental, inhaled and ingested
causes of pulmonary fibrosis. Toxicol Pathol. 2007; 35(1): 86-96.
PubMed Abstract | Publisher Full Text

Kim SC, Lim YW, Jo WL, et al.: Long-Term Results of Total Hip Arthroplasty
in Young Patients With Osteonecrosis After Allogeneic Bone Marrow
Transplantation for Hematological Disease: A Multicenter, Propensity-
Matched Cohort Study With a Mean 11-Year Follow-Up. / Arthroplasty. 2021;
36(3): 1049-1054.

PubMed Abstract | Publisher Full Text

Lei P, Dai Z, Zhang YS, et al.: Macrophage inhibits the osteogenesis of
fibroblasts in ultrahigh molecular weight polyethylene (UHMWPE) wear
particle-induced osteolysis./ Orthop Surg Res.2019; 14(1): 80.

PubMed Abstract | Publisher Full Text | Free Full Text

Ma Q: Polarization of Immune Cells in the Pathologic Response to Inhaled
Particulates. Front Immunol. 2020; 11: 1060.

PubMed Abstract | Publisher Full Text | Free Full Text

MAK: General threshold limit value for dust (R fraction)-Biopersistent
granular dusts. In; The MAK-Collection Part I, DFG Deutsche Forschungsgemei
nschaft,Wiley-VCH Verlag GmbH & Co. KGaA, 2014.

Publisher Full Text

Makela KT, Visuri T, Pulkkinen P, et al.: Cancer incidence and cause-specific
mortality in patients with metal-on-metal hip replacements in Finland.
Acta Orthop. 2014; 85(1): 32-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Mbalaviele G, Novack DV, Schett G, et al.: Inflammatory osteolysis: a
conspiracy against bone. / Clin Invest. 2017; 127(6): 2030-2019.
PubMed Abstract | Publisher Full Text | Free Full Text

Merola M, Affatato S: Materials for Hip Prostheses: A Review of Wear and
Loading Considerations. Materials (Basel). 2019; 12(3): 495.
PubMed Abstract | Publisher Full Text | Free Full Text

Mihalko WM, Haider H, Kurtz S, et al.: New materials for hip and knee joint
replacement: What's hip and what'’s in kneed? / Orthop Res. 2020; 38(7):
1436-1444.

PubMed Abstract | Publisher Full Text

Morfeld P, Albrecht C, Drommer W, et al.: Dose-response and threshold
analysis of tumor prevalence after intratracheal instillation of six types
of low- and high-surface-area particles in a chronic rat experiment. Inhal
Toxicol. 2006; 18(4): 215-25.

PubMed Abstract | Publisher Full Text

Morrow PE: Possible mechanisms to explain dust overloading of the lungs.
Fundam Appl Toxicol. 1988; 10(3): 369-84.
PubMed Abstract | Publisher Full Text

Moss SG, Schweitzer ME, Jacobson JA, et al.: Hip joint fluid: detection and
distribution at MR imaging and US with cadaveric correlation. Radiology.
1998; 208(1): 43-8.

PubMed Abstract | Publisher Full Text

Nich C, Goodman S: Role of macrophages in the biological reaction to wear
debris from joint replacements. / Long Term Eff Med Implants. 2014; 24(4):
259-265.

PubMed Abstract | Publisher Full Text | Free Full Text

Nich C, Takakubo Y, Pajarinen J, et al.: The Role of Macrophages in the
Biological Reaction to Wear Debris from Artificial Joints. / Long Term Eff Med
Implants. 2016; 26(4): 303-309.

PubMed Abstract | Publisher Full Text

Nikula K], Vallyathan V, Green FH, et al.: Influence of exposure concentration
or dose on the distribution of particulate material in rat and human lungs.
Environ Health Perspect. 2001; 109(4): 311-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Nine MJ, Choudhury D, Hee AC, et al.: Wear Debris Characterization and
Corresponding Biological Response: Artificial Hip and Knee Joints. Materials
(Basel). 2014; 7(2): 980-1016.

PubMed Abstract | Publisher Full Text | Free Full Text

Oberdorster G: Significance of particle parameters in the evaluation of
exposure-dose-response relationships of inhaled particles. Inhal Toxicol.
1996; 8 Suppl: 73-89.

PubMed Abstract

Okolie O, Stachurek I, Kandasubramanian B, et al.: 3D Printing for Hip Implant
Applications: A Review. Polymers (Basel). 2020; 12(11): 2682.

PubMed Abstract | Publisher Full Text | Free Full Text

Piguet PF, Collart MA, Grau GE, et al.: Requirement of tumour necrosis

factor for development of silica-induced pulmonary fibrosis. Nature. 1990;

Page 8 of 14


http://www.ncbi.nlm.nih.gov/pubmed/30816639
http://dx.doi.org/10.1111/cid.12742
http://www.ncbi.nlm.nih.gov/pubmed/26888676
http://dx.doi.org/10.2106/JBJS.O.00736
http://www.ncbi.nlm.nih.gov/pubmed/12388838
http://dx.doi.org/10.1093/toxsci/70.1.86
http://www.ncbi.nlm.nih.gov/pubmed/33178214
http://dx.doi.org/10.3389/fimmu.2020.583042
http://www.ncbi.nlm.nih.gov/pmc/articles/7593577
http://www.ncbi.nlm.nih.gov/pubmed/25927223
http://dx.doi.org/10.1186/s12989-015-0086-4
http://www.ncbi.nlm.nih.gov/pmc/articles/4419487
http://www.ncbi.nlm.nih.gov/pubmed/32149535
http://dx.doi.org/10.1080/08958378.2020.1735581
http://www.ncbi.nlm.nih.gov/pubmed/9054638
http://dx.doi.org/10.1093/carcin/18.2.423
http://www.ncbi.nlm.nih.gov/pubmed/12168184
http://dx.doi.org/10.1054/arth.2002.33664
https://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-Overload.pdf
https://echa.europa.eu/documents/10162/682fac9f-5b01-86d3-2f70-3d40277a53c2
http://www.ncbi.nlm.nih.gov/pubmed/16177241
http://dx.doi.org/10.1093/toxsci/kfi327
http://www.ncbi.nlm.nih.gov/pubmed/29956565
http://dx.doi.org/10.1177/0954411918784982
http://www.ncbi.nlm.nih.gov/pubmed/31806905
http://dx.doi.org/10.1038/s41591-019-0675-0
http://www.ncbi.nlm.nih.gov/pmc/articles/7147972
http://www.ncbi.nlm.nih.gov/pubmed/24525037
http://dx.doi.org/10.1016/j.actbio.2014.02.003
http://www.ncbi.nlm.nih.gov/pmc/articles/4389682
http://www.ncbi.nlm.nih.gov/pubmed/27080740
http://dx.doi.org/10.1002/jbm.b.33676
http://www.ncbi.nlm.nih.gov/pmc/articles/5536115
http://www.ncbi.nlm.nih.gov/pubmed/31805704
http://dx.doi.org/10.3390/jcm8122091
http://www.ncbi.nlm.nih.gov/pmc/articles/6947309
http://www.ncbi.nlm.nih.gov/pubmed/31810395
http://dx.doi.org/10.1080/17434440.2020.1702024
http://www.ncbi.nlm.nih.gov/pmc/articles/7254884
http://www.ncbi.nlm.nih.gov/pubmed/2433325
http://dx.doi.org/10.3109/08958379509015211
http://dx.doi.org/10.1002/jat.2550060602
http://www.ncbi.nlm.nih.gov/pubmed/30510551
http://dx.doi.org/10.3389/fimmu.2018.02364
http://www.ncbi.nlm.nih.gov/pmc/articles/6252316
http://www.ncbi.nlm.nih.gov/pubmed/27468360
http://dx.doi.org/10.1038/boneres.2016.14
http://www.ncbi.nlm.nih.gov/pmc/articles/4941197
http://www.ncbi.nlm.nih.gov/pubmed/17325977
http://dx.doi.org/10.1080/01926230601064787
http://www.ncbi.nlm.nih.gov/pubmed/33036842
http://dx.doi.org/10.1016/j.arth.2020.09.010
http://www.ncbi.nlm.nih.gov/pubmed/30885228
http://dx.doi.org/10.1186/s13018-019-1119-8
http://www.ncbi.nlm.nih.gov/pmc/articles/6421644
http://www.ncbi.nlm.nih.gov/pubmed/32625201
http://dx.doi.org/10.3389/fimmu.2020.01060
http://www.ncbi.nlm.nih.gov/pmc/articles/7311785
http://dx.doi.org/10.1002/3527600418.mb0230stwe5314
http://www.ncbi.nlm.nih.gov/pubmed/24397743
http://dx.doi.org/10.3109/17453674.2013.878830
http://www.ncbi.nlm.nih.gov/pmc/articles/3940989
http://www.ncbi.nlm.nih.gov/pubmed/28569732
http://dx.doi.org/10.1172/JCI93356
http://www.ncbi.nlm.nih.gov/pmc/articles/5451216
http://www.ncbi.nlm.nih.gov/pubmed/30764574
http://dx.doi.org/10.3390/ma12030495
http://www.ncbi.nlm.nih.gov/pmc/articles/6384837
http://www.ncbi.nlm.nih.gov/pubmed/32437026
http://dx.doi.org/10.1002/jor.24750
http://www.ncbi.nlm.nih.gov/pubmed/22397319
http://dx.doi.org/10.1080/08958370500444320
http://www.ncbi.nlm.nih.gov/pubmed/3286345
http://dx.doi.org/10.1016/0272-0590(88)90284-9
http://www.ncbi.nlm.nih.gov/pubmed/9646791
http://dx.doi.org/10.1148/radiology.208.1.9646791
http://www.ncbi.nlm.nih.gov/pubmed/25747029
http://dx.doi.org/10.1615/jlongtermeffmedimplants.2014010562
http://www.ncbi.nlm.nih.gov/pmc/articles/4366682
http://www.ncbi.nlm.nih.gov/pubmed/29199615
http://dx.doi.org/10.1615/JLongTermEffMedImplants.2017011287
http://www.ncbi.nlm.nih.gov/pubmed/11335177
http://dx.doi.org/10.1289/ehp.01109311
http://www.ncbi.nlm.nih.gov/pmc/articles/1240269
http://www.ncbi.nlm.nih.gov/pubmed/28788496
http://dx.doi.org/10.3390/ma7020980
http://www.ncbi.nlm.nih.gov/pmc/articles/5453097
http://www.ncbi.nlm.nih.gov/pubmed/11542496
http://www.ncbi.nlm.nih.gov/pubmed/33202958
http://dx.doi.org/10.3390/polym12112682
http://www.ncbi.nlm.nih.gov/pmc/articles/7697992

344(6263): 245-7.

PubMed Abstract | Publisher Full Text

Pijls BG, Meessen JM, Schoones W, et al.: Increased Mortality in Metal-on-
Metal versus Non-Metal-on-Metal Primary Total Hip Arthroplasty at 10
Years and Longer Follow-Up: A Systematic Review and Meta-Analysis. PLoS
One. 2016; 11(6): e0156051.

PubMed Abstract | Publisher Full Text | Free Full Text

Revell PA: The combined role of wear particles, macrophages and
lymphocytes in the loosening of total joint prostheses. / R Soc Interface.
2008; 5(28): 1263-78.

PubMed Abstract | Publisher Full Text | Free Full Text

Riebeling C, Haase A, Tralau T, et al.: Substance classification of titanium
dioxide illustrates limitations of EU legislation. Nature Sep. 2020; 2020:
523-525, comment.

Publisher Full Text

Riediker M, Zink D, Kreyling W, et al.: Particle toxicology and health - where
are we? Part Fibre Toxicol. 2019; 16(1): 19.

PubMed Abstract | Publisher Full Text | Free Full Text

Tran CL, Buchanan D, Cullen RT, et al.: Inhalation of poorly soluble particles.
II. Influence Of particle surface area on inflammation and clearance.

Open Research Europe 2022, 1:16 Last updated: 12 MAY 2022

Inhal Toxicol. 2000; 12(12): 1113-26.
PubMed Abstract | Publisher Full Text

Tzouvelekis A, Gomatou G, Bouros E, et al.: Common Pathogenic Mechanisms
Between Idiopathic Pulmonary Fibrosis and Lung Cancer. Chest. 2019;
156(2): 383-391.

PubMed Abstract | Publisher Full Text

van der Vis H, Aspenberg P, de Kleine R, et al.: Short periods of oscillating
fluid pressure directed at a titanium-bone interface in rabbits lead to bone
lysis. Acta Orthop Scand. 1998; 69(1): 5-10.

PubMed Abstract | Publisher Full Text

Visuri T, Borg H, Pulkkinen P, et al.: A retrospective comparative study of
mortality and causes of death among patients with metal-on-metal and
metal-on-polyethylene total hip prostheses in primary osteoarthritis after
a long-term follow-up. BMC Musculoskelet Disord. 2010; 11: 78.

PubMed Abstract | Publisher Full Text | Free Full Text

Weitzman SA, Weitberg AB, Clark EP, et al.: Phagocytes as carcinogens:
malignant transformation produced by human neutrophils. Science. 1985;
227(4691): 1231-1233.

PubMed Abstract | Publisher Full Text

Page 9 of 14


http://www.ncbi.nlm.nih.gov/pubmed/2156165
http://dx.doi.org/10.1038/344245a0
http://www.ncbi.nlm.nih.gov/pubmed/27295038
http://dx.doi.org/10.1371/journal.pone.0156051
http://www.ncbi.nlm.nih.gov/pmc/articles/4905643
http://www.ncbi.nlm.nih.gov/pubmed/18647740
http://dx.doi.org/10.1098/rsif.2008.0142
http://www.ncbi.nlm.nih.gov/pmc/articles/2607446
http://dx.doi.org/10.1038/s43016-020-00149-w
http://www.ncbi.nlm.nih.gov/pubmed/31014371
http://dx.doi.org/10.1186/s12989-019-0302-8
http://www.ncbi.nlm.nih.gov/pmc/articles/6480662
http://www.ncbi.nlm.nih.gov/pubmed/11114784
http://dx.doi.org/10.1080/08958370050166796
http://www.ncbi.nlm.nih.gov/pubmed/31125557
http://dx.doi.org/10.1016/j.chest.2019.04.114
http://www.ncbi.nlm.nih.gov/pubmed/9524507
http://dx.doi.org/10.3109/17453679809002345
http://www.ncbi.nlm.nih.gov/pubmed/20416065
http://dx.doi.org/10.1186/1471-2474-11-78
http://www.ncbi.nlm.nih.gov/pmc/articles/2874765
http://www.ncbi.nlm.nih.gov/pubmed/3975611
http://dx.doi.org/10.1126/science.3975611

O pen Resea rCh EU ro pe Open Research Europe 2022, 1:16 Last updated: 12 MAY 2022

Open Peer Review

Current Peer Review Status: ¢

Version 2

Reviewer Report 12 May 2022

https://doi.org/10.21956/0penreseurope.15580.r28767

© 2022 Lison D et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Dominique Lison

Louvain centre for Toxicology and Applied Pharmacology (LTAP), Université catholique de Louvain,
Brussels, Belgium

Laeticia Perez

Louvain centre for Toxicology and Applied Pharmacology (LTAP), Université catholique de Louvain,
Brussels, Belgium

The author has taken our comments into account and we approve this new version of the article.
We have just one minor comment for the first sentence of the part "Particle induced pathology in
lung...": "Both lung and bone and lung" should be changed to "Both bone and lung".

Competing Interests: No competing interests were disclosed.

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 10 March 2022

https://doi.org/10.21956/openreseurope.15580.r28768

© 2022 Delfosse d. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

daniel Delfosse
Swiss Medtech, Bern, Switzerland

Approved without any further comments.

Page 10 of 14


https://doi.org/10.21956/openreseurope.15580.r28767
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6557-2518
https://doi.org/10.21956/openreseurope.15580.r28768
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

O pen Resea rCh EU ro pe Open Research Europe 2022, 1:16 Last updated: 12 MAY 2022

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: 20 years of experience re.the effect of wear particles from artificial joint
replacment materials on the human body leading to bone osteolysis.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 22 September 2021

https://doi.org/10.21956/openreseurope.14334.r27520

© 2021 Delfosse d. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

4

daniel Delfosse
Swiss Medtech, Bern, Switzerland

The article describes the parallels between exposure to small non-toxic particles in human lungs
and after hip replacement. It is original in the sense that no-one has made that link before and
published the findings of its similarities and differences. The most important conclusions are the
following:
1. For both cases, there are similar pathways leading to particle-induced inflammation, ending
up either in lung fibrosis or bone osteolysis.

2. For both cases, there is a clear and distinct threshold below which the human body ist able
to deal with the particle load.
This article sheds an interesting light on the two previously unlinked topics and may lead to a
better understanding of the effect of particle exposure in different areas of the human body.

Is the topic of the review discussed comprehensively in the context of the current
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?

Page 11 of 14


https://doi.org/10.21956/openreseurope.14334.r27520
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

O pen Resea rCh EU ro pe Open Research Europe 2022, 1:16 Last updated: 12 MAY 2022

Yes
Competing Interests: No competing interests were disclosed.

Reviewer Expertise: 20 years of experience re.the effect of wear particles from artificial joint
replacment materials on the human body leading to bone osteolysis.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 26 May 2021

https://doi.org/10.21956/0penreseurope.14334.r26862

© 2021 Lison D et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Laeticia Perez
Louvain centre for Toxicology and Applied Pharmacology (LTAP), Université catholique de Louvain,
Brussels, Belgium

Dominique Lison
Louvain centre for Toxicology and Applied Pharmacology (LTAP), Université catholique de Louvain,
Brussels, Belgium

This review highlights similarities of the pathological reactions induced by foreign particulate
materials which can appear in two apparently unconnected biomedical fields, i.e. lung toxicology
and orthopedics. The idea is that the tissue reaction induced by inhaled poorly soluble low-toxicity
particles (PSLT) in the lung shares pathophysiological pathways with the osteolytic reaction (PPOL)
induced by wear debris materials around bone implants such as hip prosthesis. The exercise is
original and bears a potential for cross-fertilization between both fields. Specific avenues for
possible cross-fertilization are not covered.

The author might wish to consider the following comments and suggestions.

Major comments.
1. While a notion of threshold dose for particulate materials has been identified for both PPOL
and PSLT lung reactions, the role of overload is less apparent for PPOL than in the lung.
Thus, threshold (in bone) is not necessarily synonymous to particulate overload.

2. The tissue reaction induced by wear particulates does not occur in the bone but in the joint
(synovial fluid).

3. The comparison between bone implants and lung transplantation (end of the plain
language summary) is probably not relevant or useful.
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4. In Morrow's original theory, overload is initiated from a deposited dose corresponding to
6% of macrophage volume, not 1/6t of its volume. This volume corresponds to 1 uL/gram
lung (not 0.1 yL) (see Oberddrster et al. 19921). Please make clear that the estimated surface
area threshold of 200 cm? is per lung (and not per gram lung).

5. Eigure 1 : particle accumulation (not cumulation) is a consequence of clearance impairment,
and should not appear as the initial event.

6. Regarding IL-10 and TGF-b, it might be worth mentioning that those anti-inflammatory
(immunosuppressive) cytokines, are also strong pro-fibrotic molecules. Thus, the
persistence of the anti-inflammatory reaction (resulting from the persistence of the
particulate material) fuels the fibrotic reaction (see Huaux 201 82).

7. It might also be useful to note that osteoclasts are derived from the monocyte/macrophage
lineage by the action of macrophage colony stimulating factor (M-CSF) and receptor
activator of nuclear factor-kB ligand (RANKL)3.

8. Table 1 : the line on particle shape (and references) is probably not relevant here, as we are
not dealing with high aspect ratio materials.

9. Discussion and conclusions - first para : the last sentence should be supported by a
reference.

10. Discussion and conclusions : the threshold value (and unit) of 10 mg/ml for lung overload is
unclear. The threshold dose for overload is usually expressed as an amount (in mass,
volume or surface area), not as a concentration. Not sure PPOL and PSLT can be compared
on this basis.

Minor comments.

Abstract - background : read “titanium dioxide".

Abstract - conclusions : please specify relevance for what.

Introduction - first para : read “pathogenesis” instead of “etiology”.

Introduction - second para : read “diesel exhaust particles”.

Introduction - end second para : read “it is now suggested that particle surface dose (omit "rate")
might be a better ...”

Introduction - last para - second line : delete “and humans".

Page 4, last para, first line : delete “and lung".

Page 5, second para left : read “ has illustrated the limitations of a hazard-based CLP legislation”. It
would also be useful to briefly indicate which limitations.

Reference Mbaviele (2017) should be Mbalaviele (2017).

Acronyms should be defined in full at first appearance in the text.

The text might also need some polishing to remove or add words where needed.
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Is the topic of the review discussed comprehensively in the context of the current
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Are all factual statements correct and adequately supported by citations?
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Is the review written in accessible language?
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Are the conclusions drawn appropriate in the context of the current research literature?
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