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Abstract. The demand is growing to study particulate debris in the human or-
ganism. This task is time-consuming. Therefore it is important to find an effi-
cient way of particle identification and analysis. Carriers of hip replacement
implants are exposed to particulate wear debris close to and even far away from
the implantation sites. This could ease the study of particle transport in the hu-
man organism because detectable amounts of particulate matter are likely to ar-
rive in distant organs with regard to the implant. A feasible approach for parti-
cle analysis down to the level of electron microscopy is presented here.

Loosening of hip replacement implants, but even normal use causes abrasion setting
free particles from the interacting surfaces (Fig. 1 a; [1]). Wear debris is accumulating
near by and in inguinal lymph nodes (ILN). Moreover, implant wear debris in liver,
spleen and paraaortal lymph nodes was found [2] suggesting systemic distribution. To
study their transport and consequences of particle distribution, these structures were
focused on in different organs. Since this is like seeking after a pin in a haystack, a
protocol for their efficient localisation and analysis had to be elaborated.

It was found that light microscopy (LM) for the visualisation of most of the wear
debris (Fig. 1 b), excluding polyethylene particles, had to be completed by transmis-
sion electron microscopy (TEM; EM 912 Omega from LEO Elektronenmikroskopie
GmbH, Oberkochen, Germany) for two reasons: i) particles in the range of 10-100
nanometer (nm) can form aggregates which would mimic single particles in the LM
(e.g.: aggregation of approx. 1 um in Fig. 1 c¢), as well as small single particles (e.g.:
66 nm particle in ¢) cannot be resolved by LM; ii) elemental analyses can better be
performed on the EM level. Therefore, targets as identified by LM have to be further
processed for TEM by embedding and cementing the LM section of interest to the
surface of an EM specimen and sectioning it for EM use. TEM and additional ele-
mental analyses are feasible now because EM types like the EM 912 Omega are en-
ergy-filtering TEMs (EFTEMs) with this extra-option of elemental analysis. This is
necessary for the proof of tracer elements within particles being suspicious of origi-
nating from the implant. Since normal EM grids are symmetric, defining the particles’
positions was the objective. The so-called finder grid (Fig. 1 d) allows to relocate a
structure to be analysed later on. Finally, elemental analysis based on energy-filtering
TEM (EFTEM) can be performed with the same LEO EM 912 Omega.
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Fig. 1. Search for and characterisation of prosthesis wear particles in soft tissues.
(a) Wear particles’ origin: projection of an implant‘s acetabulum (ac) onto an x-ray image from
a total hip prosthesis. Abrasion varies from high (ac, proximal) to low intensity (ac, distal; val-
ues, right, in mm), is found on both the head and the ac, and where the implant was cemented
into the bone. (b) Target structures: LM specimen (ILN) from the body of an implant carrier
showing an aggregation of dark particulate debris (centre). Regarding dimensions, the dashed
square (right bottom) corresponds to one grid mesh area (emphasized in d) and the black dot in
its centre covers the image area in c¢; bar: 55 um. (c) Hard particulate matter: EM section of an
ILN from a hip implant carrier (sector width: 1.4 um). The particle aggregation (centre) would
be resolved as one particle by LM; the single particle in the left bottom would be invisible. (d)
Recovery of structures for TEM: LM image of a finder EM grid (Maxtaform, Plano, Wetzlar,
Germany); the right parenthesis symbol spans 1 mm (grid diameter: 3 mm). Letters define in-
teresting positions (symbolized by compass points N, W, S, E); extension piece (right bottom)
emphasizes one mesh (width: 60 pm).
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