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Abstract

Continued production of wear debris affects both initial osseointegration and subsequent bone
remodeling of total joint replacements (TJRS). However, continuous delivery of clinically relevant
particles using a viable, cost effective, quantitative animal model to simulate the scenario in
humans has been a challenge for orthopaedic researchers. In this study, we successfully infused
blue-dyed polystyrene particles, similar in size to wear debris in humans, to the intramedullary
space of the mouse femur for four weeks using an osmotic pump. Approximately 40% of the
original particle load (85 ul) was delivered into the intramedullary space, an estimate of 3 x 10 9
particles. The visible blue dye carried by the particles confirmed the delivery. This model
demonstrated that continuous infusion of particles to the murine bone-implant interface is
possible. In vivo biological processes associated using wear debris particles can be studied using
this new animal model.
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Introduction

Total joint replacement (TJR) is an effective treatment for advanced arthritis. However, the
longevity of total joint replacements is often jeopardized by wear-debris associated aseptic
loosening and osteolysis 173. Understanding the mechanisms of chronic inflammation and

periprosthetic osteolysis, and developing prostheses with increased longevity have become
paramount within the orthopedic community.

Soon after implanting a TJR, the bone-prosthesis interface is exposed to continuously
generated wear debris over time. Analysis of retrieved implants showed a linear wear rate of
5 um per year after the first year of implantation4. These particles stimulate the
differentiation, maturation and activation of osteoclasts, interfere with osteoblast function
and eventually disturb the normal homeostatic balance between bone formation and
degradation 5'6. Studies of the response of macrophages to clinically relevant particles have
shown that particles with a mean size of 0.24 um stimulated bone resorption at a ratio of 10
um? /cell, whereas particles of 0.45 and 1.71 um were active at a ratio of 100 um3/cell 7.
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A number of animal models have attempted to simulate the biological processes of particle
associated osteolysis in vivo 8713. To date, none of the studies was performed on a murine
model incorporating the presence of a stable intramedullary implant and the continuous
delivery of particles. Because the accumulation of particles in the intramedullary
environment over time is a major characteristics of failed TJR with bone loss in humans,
developing a murine model simulating this feature becomes especially important to further
our understanding of periprosthetic osteolysis at the cellular and molecular level 14716.

In this study, we report that continuous delivery of particles, similar in size to clinically
relevant wear debris, to the intramedullary space of mice is feasible. The model is based on
previous in vitro studies using the same apparatus17. The method will facilitate future in
vivo studies of wear debris-associated osteolysis using more clinically representative
particles. Furthermore, because genetically manipulated variants of wild type mice are
widely available, in-depth mechanistic experiments can be carried out using this model to
further our understanding of periprosthetic osteolysis.

Materials and Methods

Animals

Surgery

5 adult (9 weeks old) male C57BL/6 wild type mice were obtained from the university in-
house breeding colony. C57BL/6 mice were chosen for these experiments because they are a
popular, readily available strain and are the basis for many transgenic strains for our future
studies.

Institutional guidelines for the care and use of laboratory animals were strictly followed.
Animals were anesthetized with 3% isoflurane in 100% oxygen at a flow rate of 1 L/min.
Using sterile technique, the intercondylar notch of the distal femur was exposed through a
medial parapatellar arthrotomy. A 27-gauge needle was used to manually drill through the
intercondylar notch to access the medullary cavity. The hole was then expanded in size
stepwise using the following series of needles: 25 gauge, 23 gauge and 21 gauge. An 18
gauge needle was used to ream the initial 2mm of the entrance to accommodate the wider
diameter of the silicone tubing overlying the titanium tubing. Another incision was made
posteriorly, between the scapulae. The subcutaneous connective tissue was bluntly dissected,
creating a subcutaneous pathway to the knee joint.

An Alza osmotic pump (Model 2004, Durect Corporation, Cupertino CA) loaded with the
particles was placed in the flank through the posterior incision, and connected to silicone
tubing overlying a 6 mm long hollow titanium rod at the opposite end. The tubing and rod
were directed through the subcutaneous tunnel, and the titanium rod was inserted into the
distal femur until the end of the rod was flush with the end of the femur. The patellar tendon
was repositioned and a single suture was placed to repair the quadriceps-patellar complex.
The incisions were closed with surgical adhesive.

Particles and pumps

Commercially available blue-dyed polystyrene particles (Cat#: 15709, Polysciencs,
Warrington, PA) were used in this study. The average diameter of the particles was 0.5 +
0.015 um according to the information provided by the manufacturer. The particles are
microspheres according to the manufacturer and the shape was confirmed by SEM scans
performed by our lab. When supplied, the particles were packaged as 2.5% (m/v) aqueous
suspension. An appropriate dilution was made so that each pump will hold 6 x 109 particles.
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The particles were reconstituted in physiological buffered saline and approximately 6 x 10°
particles were loaded into each pump. The mean volume of the pumps was 246 ul and the
mean pumping rate was 0.2 ul / hr according to the manufacturer.

Animals were allowed to ambulate in the cage after the initial implantation. At the end of the
4-week infusion, the mice were euthanized. The pump and the tubing were dissected and
exposed carefully to ensure that no damage or disconnection occurred along the delivery
system. The pump and tubing were then removed and femora harvested. The gross
inspection of the femora for blue coloration was performed and recorded. The femora were
then embedded in OCT, sectioned transversely, stained with Hematoxylin and Eosin and
viewed under a light microscope.

Radiographs were taken of the animals immediately after surgery and before euthanasia to
verify the position of the implants. As shown on the radiographs (Fig. 1), the titanium rod
was placed within the distal 2/5 of the intramedullary canal, parallel to the longitudinal axis
of the femur. No subsequent change in position of the rod was observed on the x-rays taken
after the 4-week infusion period. At harvest, blue staining was easily visible on gross
inspection of the intact distal femur in 2 of the animals (Fig. 2). In two further animals
whose femur did not initially appear blue on gross inspection, the femur was dissected and
the intramedullary cavity exposed. Blue colored staining was then observed in the
intramedullary canal of these femora. In one animal, the distal tubing-rod interface was
found to have disconnected. In this animal, the soft tissues around the knee joint were
stained with a blue coloration. This was not observed in any of the other animals.

The amount of particles delivered into the intramedullary space was estimated based on the
volume loaded into the pumps before (200 ul) and present after (100 ul) the 4-week infusion
period taking into consideration the volume of the silicone catheter (15 ul) that could
potentially hold particles. The estimate on the volume contained in the tubing was a
mathematical calculation based on the length and diameter of the tubing used.
Approximately 85 ul (200ul — 100 ul — 15ul) of particle suspension was delivered into the
intramedullary space. Given the initial concentration of the particles loaded into the pump,
the number of particles delivered into the intramedullary space was approximately 3 x 10°.

We obtained histology slides from the distal and middle portion of the femur after sacrifice.
However, no particle was observed on the histology sections.

Discussion

Animal models for study of the biological mechanisms underlying wear debris induced
osteolysis have primarily used large animals18. In particular, Jacobbs et al. demonstrated the
adverse effects of spinal implant debris utilizing a rabbit osteolysis model 19, Bostrom et al
and Kim et al studied particle induced osteolysis in a rat model 11:20, and Shanbhag et al
studied the effects of particles in hip arthroplasty using a canine model 21.

Developing murine models is of particular interest because mice are hearty, the surgical
procedures are less costly than with larger animals. Furthermore, the availability of
genetically manipulated variants and molecular methods makes murine models even more
advantageous in identifying underlying biological mechanisms.
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Segregation of particles during the prolonged flow condition was studied in a separate
experiment in vitro. Utilizing the same type of particles with the same delivery mechanism,
the efficacy of such particle delivery was around 46% 17. Under the in vivo condition,
particles are distributed randomly upon interacting with the local tissue. Thus, measuring the
exact number of particles that reached the destination is extremely difficult. Our estimation
based on the volume change of the fluid inside the pump yielded a 50% delivery efficiency,
which agreed with the in vitro data.

In an effort to develop a more clinically relevant murine model, we recently reported a novel
mouse model utilizing an intramedullary implant and particle injection in the form of a
single bolus 22:23. This current study builds on the previous model and incorporates the
continuous infusion of particles, which simulates the continuous production of particles over
time seen in humans. The model showed for the first time that particles could be delivered
continuously and quantitatively in mice over an extended period of time.

Histological processing of the harvested femoral specimens was performed using frozen,
undecalcified specimens. There was no blue dyed particles visible on the histology slides
using standard light microscopy. We suspect that the blue particles could have been
dissolved or lost during the tissue processing, similar to the loss of polyethylene particles
under similar processing conditions, or the small particles were not visible using the
standard light microscopy techniques. Since the particles are composed of blue polystyrene,
similar to commercially available dye particles, gross inspection of the retrieved femora
verifies delivery by the blue coloration of the infused tissues.

Polystyrene particles used in this study were chosen because they are similar in size to
clinically relevant wear debris and their blue color makes them easily visible for verification
of delivery. The purpose of this current experiment was to validate the particle delivery
system rather than examine specific biological mechanisms associated with the
inflammatory reaction to particles. To elucidate the complicated process of particle
associated osteolysis, more clinically relevant particles, such as ultra high molecular weight
polyethelene particles, will be used in future studies.
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Figure 1. The in vivo particle delivery system

An Alza osmotic pump loaded with the particles was connected with silicone tubing
overlying a 6 mm long hollow titanium rod at the end. The tubing was directed through the
subcutaneous tunnel, and the titanium rod was inserted into the femur until the end of the
rod was flush with the end of the femur.
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Figure 2. The gross view of harvested femur after 4-week particle infusion

After 4-week infusion, the femur was harvested and the picture of the femur was taken
immediately using a digital camera. The blue dye carried by the particles was grossly visible
in the distal 1/3 of the intact femur and in the silicone tubing.
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