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Particle disease really does exist
An evidence based rebuttal to Dr. Mjoberg’s opinion letter

Sir—In a recent correspondence, Dr. Mjoberg questions the
role of wear particles in the pathogenesis of periprosthetic oste-
olysis (Mjoberg et al. 2017). In Dr. Mjoberg’s view, implant
wear and wear particles are innocent bystanders in a process
that is driven by micromotion of poorly fixed implants, and
subsequently, increased fluid pressure at the bone / implant
interface. Indeed, as summarized by Dr. Mjoberg, increased
fluid pressure has been reported from the tissues surrounding
loose implants, and increased pressure can induce osteolysis
in certain animal models. Nevertheless, we feel that Dr. Mjo-
berg’s strong conclusion that particle disease does not exist is
not supported by the vast body of existing scientific literature.

The particle disease paradigm states that periprosthetic oste-
olysis is driven by wear particles continuously released from
the implant, or from the interface between the implant and
the surrounding bone (Willert and Semlitsch 1977 Purdue et
al. 2007, Gallo et al. 2013, Landgraeber et al. 2014). These
biomaterial particles cause acute/chronic inflammation that
culminates in local bone resorption with foreign body gran-
uloma and periprosthetic connective tissue weakening, and
ultimately, to the loss of implant fixation. Macrophages play
a central role in the pathogenesis of the condition by secret-
ing multiple pro-inflammatory meditators upon contact with
implant debris (Ingham and Fisher 2005, Nich et al. 2013).
Macrophage derived pro-inflammatory meditators stimulate
the recruitment and formation of osteoclasts and bone resorp-
tion. At the same time, particles directly suppress the differ-
entiation and function of osteoblasts and their progenitors
(O’Neill et al. 2013, Pajarinen et al. 2017a). Thus, wear par-
ticles both increase bone resorption and suppress formation,
resulting in net loss of bone in the periprosthetic tissues.

In the following paragraphs we summarize the evidence
supporting this sequence of events.

1) Osteolytic lesions with clearly inflammatory character-
istics often appear many years after the initial surgery, and
develop around mechanically stable implants. There is strong
evidence that clinically sound implants often require reoper-
ation for aseptic loosening 15 to 20 years after the primary
procedure (Garellick et al. 2014, Bedard et al. 2015, Junnila
et al. 2016). Therefore, the pathological process had to start
much later than the immediate postoperative period, and be

driven by factors other than poor initial fixation of the implant.
Otherwise, the loosening process would have appeared much
earlier, as is described by Dr. Mjoberg, but usually this is
not the case. Furthermore, numerous researchers have docu-
mented the wear particle-induced activation of inflammatory
pathways in retrieved tissue samples from aseptically loose
implants (Gallo et al. 2014).

2) There exists a strong correlation between implant wear
and periprosthetic osteolysis, even in mechanically stable
implants. Clinical studies have exhaustively documented
this positive correlation between implant wear and the risk
for periprosthetic osteolysis and aseptic loosening (Dumble-
ton et al. 2002, Gallo et al. 2010) Dr. Mjoberg argues that
the accelerated wear is a consequence of progressive implant
loosening rather than its cause. However, recent observations
from implants with hard-on-hard bearings and those that use
highly cross-linked polyethylene show minimal wear and a
corresponding reduction in wear related complications includ-
ing loosening and osteolysis (Paxton et al. 2015, Hanna et al.
2016, Tsukamoto et al. 2017). Together these observations
strongly implicate wear as a causative agent in so called “par-
ticle disease”.

3) Wear particles activate inflammatory pathways in cell
culture, and cause bone loss in different animal models. Mac-
rophages exposed to wear debris in cell culture respond by
secreting the same pro-inflammatory and chemotactic media-
tors that have been detected in the tissues surrounding loose
implants (Ingham and Fisher 2005, Nich et al. 2013, Paja-
rinen et al. 2013, Lin et al. 2014). Similarly, mesenchymal
stem cells lose their ability to differentiate to osteoblasts, and
osteoblasts lose their ability to produce bone, if exposed to
particle debris (Goodman et al. 2006, O’Neill et al. 2013, Lin
et al. 2015, Pajarinen et al. 2017a). Most importantly, animal
models have repeatedly demonstrated the inflammatory and
osteolytic nature of wear particles following either an acute
or chronic particle exposure (Shanbhag et al. 1997, Merkel
et al. 1999, Wooley et al. 2002, Ma et al. 2008, Greenfield
et al. 2010, Ren et al. 2011, Gibon et al. 2012, Bechtel et al.
2016, Nabeshima et al. 2017, Samelko et al. 2017). For exam-
ple, wear particles implanted on mouse calvaria cause rapid
inflammation and osteolysis (Merkel et al. 1999, Bechtel. et
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al 2016). Likewise, continuous infusion of wear particles to
mouse distal femurs causes systemic recruitment of macro-
phages, inflammation, and local bone loss similar to what is
seen in the clinical setting (Ma et al. 2008, Ren et al. 2011,
Gibon et al. 2012, Nabeshima et al. 2017). Indeed, we recently
showed a positive correlation between the amount of particles
infused in the mouse distal femur and local bone loss (Paja-
rinen et al 2017b).

4) The molecular pathways activated by the wear particles
are similar to what has been demonstrated for other particu-
late materials. Our field is not the only one investigating the
potential adverse effects of phagocytosed particulate materi-
als. Indeed, urate and cholesterol crystals, as well as air pol-
lutant microparticles cause inflammation via similar cellular
pathways that have been implicated in the adverse response
to implant wear, including endosomal damage and activa-
tion of intracellular danger signaling pathways (Dostert et
al. 2008, Caicedo et al. 2009, Rajaméki et al. 2010, So and
Martinon 2017). Furthermore, the distinct adverse reactions
caused by polymeric (such as polyethylene and polymethyl-
methacrylate) and metallic (CoCr particles and ions) wear par-
ticles strongly suggest that the characteristics of the particles
released from the implant are a crucial determinant of the bio-
logical response elicited by the implant (Davies et al. 2005,
Willert et al. 2005, Gallo et al. 2014). Particles have been
shown to bind both endogenous and exogenous danger signal
molecules which further exacerbate their adverse biological
effects (Greenfield et al. 2010, Bechtel et al. 2016, Takagi et
al. 2017).

5) Excessive joint fluid is most likely related to the pro-
cess of acute/chronic particle induced inflammation. One
unanswered question in the purely mechanical hypothesis
of loosening is the pathogenesis of the abundant amount of
joint fluid. In contrast, similar to the synovitis in cases of gout
(urate crystals) and pseudogout (calcium pyrophosphate dihy-
drate crystals), particle induced synovitis readily explains the
fluid accumulation. Thus particle-induced inflammation can
be directly linked with excessive joint fluid secretion, and pre-
dates the bone destruction seen in periprosthetic pathologic
fractures and loosening seen with extensive osteolytic lesions.

Taken together, there is a wealth of pre-clinical and clinical
data supporting the role of wear particles in the pathogenesis
of periprosthetic osteolysis and aseptic loosening. However,
we do not aim to diminish the importance of mechanical
events in the pathophysiology of aseptic loosening and believe
that these two factors work in concert. Local fluid dynamics
play arole in distributing wear debris around the implant (“the
effective joint space”) and it is furthermore possible that the
combined effect of wear and increased pressure contribute to
the osteolytic process. There most likely exists a wide variabil-
ity in the contribution of biological and mechanical factors in
aseptic loosening in specific patients. In some patients, early
aseptic loosening is probably due to poor initial mechanical
fixation, either due to suboptimal placement or poor cement

technique, or compromised bone ingrowth in cementless
implants. However, particle disease is the cause of aseptic fail-
ure in the majority of patients, especially in those patients with
late aseptic loosening. In this respect, the opinion espoused in
the letter by Dr. Mjoberg cannot be scientifically supported.
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Particle disease, late loosening and Occam'’s razor

Sir,—Thank you for the opportunity to respond to the letter of
Drs Pajarinen, Gallo, Takagi, and Goodman, who raise some
issues that I want to clarify.

The early migration detected by RSA (with a detection limit
of 0.1-0.2 mm) after hip arthroplasty can typically not be dis-
covered from standard radiographs. When first observed on
radiographs, maybe years later, loosening is often assumed to
be late loosening—but should actually be considered to be late
detection of loosening. Similarly, apparently well-fixed pros-
theses that after many years develop osteolysis (often associ-
ated with pain) may also be loose to a degree that cannot be
detected on standard radiographs.

That improved wear resistance reduces the incidence of
loosening and osteolysis can be explained (as implicitly men-
tioned in my letter) by less eccentricity due to wear and hence
less torque on such an acetabular component—and conse-
quently (if loosening has been initiated) slower progression of
loosening and thus less risk of accompanying periprosthetic
osteolysis.

The rapid early migration of some prosthetic components
strongly indicates that wear particles do not initiate prosthetic
loosening (wear particles cannot be expected to have a major
influence during the early period of rapid migration). On the
other hand, wear particles may (as mentioned in my letter)
possibly modulate the later stages of the loosening process.

Micromovements of a loose prosthetic component may
cause bursts of high fluid pressure in the interstice between
the prosthetic component and the bone, which induce oste-

From John Duns Scotus’ book Ordinatio (around 1300): “Pluralitas non
est ponenda sine necessitate”, later known as Occam’s razor.

olysis and spread necrotic cells and cell fragments from the
interstice to the joint that cause inflammatory responses and
excessive joint fluid.

The theory of early loosening, with its two different phases
(early initiation and, if initiated, subsequent progression), is
able to a great extent to explain the epidemiology of clinical
failure of hip prostheses—without any need for the assump-
tion of wear-particle-induced osteolysis.

I want to emphasize that, in my conclusion, the existence
of particle disease as well as the possibility of a genuine late
onset of loosening have not been disproved (and can actually
never be disproved, because it is impossible to prove a nega-
tive; cf. Russell’s teapot). However, by applying the principle
of parsimony (Figure), which tells us to choose the simplest
scientific explanation that fits the evidence, ad hoc assump-
tions such as particle disease, stress-shielding and metal sen-
sitivity are avoided—not because they are proven false, but
because they appear unnecessary.

Bengt Mjoberg
bengt.mj@telia.com
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