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Aims

Periprosthetic joint infections (PJIs) and osteomyelitis are clinical challenges that are dif-
ficult to eradicate. Well-characterized large animal models necessary for testing and val-
idating new treatment strategies for these conditions are lacking. The purpose of this
study was to develop a rabbit model of chronic PJI in the distal femur.

Methods

Fresh suspensions of Staphylococcus aureus (ATCC 25923) were prepared in phosphate-
buffered saline (PBS) (1 x 10° colony-forming units (CFUs)/ml). Periprosthetic osteomy-
elitis in female New Zealand white rabbits was induced by intraosseous injection of plank-
tonic bacterial suspension into a predrilled bone tunnel prior to implant screw placement,
examined at five and 28 days (n = 5/group) after surgery, and compared to a control asep-
tic screw group. Radiographs were obtained weekly, and blood was collected to measure
ESR, CRP, and white blood cell (WBC) counts. Bone samples and implanted screws were
harvested on day 28, and processed for histological analysis and viability assay of bacte-
ria, respectively.

Results

Intraosseous periprosthetic introduction of planktonic bacteria induced an acute rise in
ESR and CRP that subsided by day 14, and resulted in radiologically evident periprosthetic
osteolysis by day 28 accompanied by elevated WBC counts and histological evidence of
bacteria in the bone tunnels after screw removal. The aseptic screw group induced no
increase in ESR, and no lysis developed around the implants. Bacterial viability was con-
firmed by implant sonication fluid culture.

Conclusion
Intraosseous periprosthetic introduction of planktonic bacteria reliably induces surviv-
able chronic PJI in rabbits.
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of chronic periprosthetic joint infection
(PJ1), including an acute phase followed
by subclinical persistence of infection.
The model suffers no mortality, is easily
replicated, and can be used to test the
safety and efficacy of various thera-
peutic treatments.

A limitation is the absence of several
important clinical analyses routinely
used to define PJI.

Article focus
Development of a periprosthetic osteo-
myelitis model in rabbit.

Key messages
This study reports successful develop-
ment of periprosthetic osteomyelitis in
a rabbit model.

Strengths and limitations
The reported model has many features in
common with the clinical presentation
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Introduction

The occurrence of infections that develop around ortho-
paedic implants is reported to be 1% to 5%,' and are
associated with significant morbidity, disability, and
healthcare costs.>® Despite increased mechanistic under-
standing, improved diagnostic techniques, and treat-
ment algorithms, periprosthetic joint infections (P)Is)
remain a major challenge.® Continued improvement in
the prevention, diagnosis, and treatment of implant-
related infections is critical.

Diagnosis of PJI, defined here as inflammation of bone
caused by an infectious organism in the vicinity of hard-
ware associated with a joint repair of arthroplasty that
leads to progressive bone destruction and loss, is based
on: 1) clinical history and examination; 2) laboratory test
results, including leucocyte counts,'® ESR, """ and CRP'"
or a-defensin levels; 3) diagnostic imaging; 4) micro-
biological analysis; and 5) histopathology.? Clinically,
the most common pathogen identified in cases of PJI is
Staphylococcus aureus,? including methicillin-sensitive
and methicillin-resistant strains.® Once the pathogen is
identified, the first line of treatment for many orthopaedic
infections involves debridement of necrotic tissue, poten-
tial removal of hardware, and extensive irrigation and
antibiotic treatment administered orally, intravenously,
or locally via antibiotic beads.™'* These infections include
cases of PJI and osteomyelitis, which are highly resistant
to antibiotic treatment due to the development of bacte-
rial biofilms.’" As a result, repeated surgical debride-
ment and prolonged use of systemic antibiotics are often
required.?>?' Multiple surgical treatments and debride-
ments increase the already high risk of poor functional
outcomes, morbidity, and mortality.???* There is a need in
orthopaedics to provide a lasting and less invasive form
of antimicrobial prophylaxis and treatment for PJI.

To gain a better understanding of periprosthetic osteo-
myelitis development, several animal models have been
employed, including rodents (mice and rats) and larger
animals such as rabbits, pigs, goats, and dogs.® Rodents
and larger animals have unique advantages and disad-
vantages. The rabbit is the most popular model for the
study of PJl because itis docile and affordable, and is large
enough to both employ common orthopaedic proce-
dures including hardware placement and heavy enough
such that mechanical forces impact outcomes.?* In addi-
tion, rabbit bone and joint biology?® and immunology?:2®
are similar to humans such that infection susceptibility,
pathogenesis, and immune response??° are close to the
human condition, which are important parameters when
assessing biofilm formation and the efficacy of antimi-
crobial therapies for clinical use. The methods to model
PJI have been variable in the literature, utilizing implants
and methods unique to the hardware or treatment being
tested and making comparison between studies diffi-
cult. Importantly, most studies focused on periprosthetic
osteomyelitis development or antimicrobial treatment
methods are short in time frame, and report mostly on

final outcome in terms of bacterial load and bone degen-
eration, not disease progression and attaining a chronic
state.

We were interested in developing a reliable model
of chronic PJI that developed in a manner similar to the
human condition, progressing from an acute to chronic
state. A specific weakness of the rabbit model is its suscep-
tibility to stress, duodenal ulcers, and secondary condi-
tions that introduce confounding factors to the study of
osteomyelitis. A challenge was then to deliver bacteria in
a way that will reliably lead to chronic PJI development
as observed in the clinic, but not create an infection so
severe that the animals cannot survive for a long duration
in the perioperative period.

The purpose of this study was to develop and charac-
terize a rabbit model of chronic PJI using common radio-
logical and clinical markers.

Methods

Ethical review committee statement. All experiments
were performed at an accredited veterinary facility ac-
cording to protocols approved by the local University of
Pittsburgh Institutional Animal Care and Use Committee
(IACUC; protocol 19024514) and the Defense Department
Animal Care and Use Review Office (ACURO) of the USA
Army Medical Research and Development Command
(USAAMRDC; protocol DM140372), and according to
the Animal Welfare act and the recommendations of the
Office of Laboratory Animal Welfare (OLAW). The full
ARRIVE guideline checklist was submitted to the jour-
nal in order to demonstrate compliance with ARRIVE
guidelines.

Bacteria preparation. S. aureus (ATCC 25923; American
Type Culture Collection, Manassas, Virginia, USA) was
grown in tryptic soy broth (TSB; Neogen, Lansing,
Michigan, USA) medium for 16 hours at 37°C, and bac-
terial concentrations were estimated spectrophotomet-
rically, where an A_ of 1.0 corresponds to ~6.6 x 10?
colony-forming units (CFUs)/ml, as determined by a sep-
arate standard curve relating the A, and CFU. Briefly, 1
ml of 16-hour bacterial culture was collected, centrifuged
(5,000 rpm x three minutes), supernatant discarded, and
the pellet resuspended in 1 ml of phosphate-buffered
saline (PBS), from which 50 pl was removed and dilut-
ed with 950 pl PBS (required to place the optical density
(OD) reading within the linear range of the spectropho-
tometer). The overnight bacterial culture was adjusted
using PBS and 1 pl of 1 x 10° CFUs of S. aureus/ml was
used in the experiment.

Postoperative animal care. After surgery, rabbits were
singley housed in standard cages under standard con-
ditions (provided sufficient space, controlled environ-
ment, and free access to food, water, and enrichment)
in a Biosafety Level 2 (BSL2) facility and monitored twice
a day for 28 days. For infected rabbits, body tempera-
ture and mass were measured once before surgery and
treatments (antibiotics and/or analgesic) administered
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twice daily until animals stabilized and were deemed
'recovered' according to lameness, body condition,
and behaviour, all monitored twice daily. Thereafter,
temperature, mass, lameness, body condition, and
behaviour were monitored every 48 hours. To avoid
loss of animals due to weight loss (i.e. 2 20% in the
course of the study), individualized diets supplemented
with fresh vegetables, fruits, and Critical Care (Oxbow
Animal Health, Omaha, Nebraska, USA) were provid-
ed, and forced feeding by facility technicians and au-
thors (HY, SK, PNM, ADCMF, PGA) was initiated at 17%
weight loss as necessary (one rabbit in the chronic PJI
group was force-fed for one day).

Blood assays. The blood sample of each rabbit was col-
lected from their ear vein at 3, 5, 7, 14, 21, and 28 days
after surgery. Whole blood was collected in commer-
cially available anticoagulant treated tubes. ESRs were
determined using the DISPETTE 2 kit (Fisher Scientific,
Cambridge, Massachusetts, USA) within 24 hours of
blood collection. CRP levels were determined by re-
moving cells from the plasma by centrifugation for 15
minutes at 2,000 xg and performing an enzyme-linked
immunosorbent assay (ELISA) for rabbit CRP (PTXT1)
(Abcam, Cambridge, Massachusetts, USA) according
to the manufacturer's instructions. CRP, ESR, and white
blood cells (WBCs) are well known established markers
for infections. In the early development of our model,
highly elevated ESR and CRP levels were consistently
observed between days 3 and 5, therefore we chose to
measure WBC on days 5 and 28 (study endpoint). WBC
counts and differentials were ascertained from a blood
smear that was prepared on a standard ColorFrost
Plus slide and stained with polychromic stains us-
ing the DipQuick stain kit (ThermoFisher, Waltham,
Massachusetts, USA). After drying, WBCs were count-
ed under a microscope (Olympus BH2 with a 100x oil
immersion objective; Olympus America, Center Valley,
Pennsylvania, USA) by an experienced veterinary tech-
nician (ADCMF).

Radiographs. Radiological images captured with a Fidex
veterinary scanner (Animage, Pleasanton, California,
USA) were obtained from rabbits weekly after surgery
(five timepoints: 0, 7, 14, 21, and 28 days). At the end of
the experimental period, both operative and contralater-
al nonoperative knees from each rabbit were harvested
and X-rayed. A total of five radiographs per timepoint
were evaluated independently, in blinded fashion, by
two study members (SK and PGA) using a modified scor-
ing scale originally reported by An and Friedman?® assess-
ing: 1) periosteal reaction; 2) osteolysis; 3) deformity; 4)
sequestrum formation; 5) spontaneous fracture; and 6)
general impression. Parameters 1 to 4 were assessed for
each sample on the following scale: O (absent), 1 (mild),
2 (moderate), and 3 (severe). Parameters 5 and 6 were
judged with O (absent) or 1 (present). The maximum
score to be achieved was 14 (4 parameter x 3 points =
max. 12 points + parameters 6 and 7 = max. 2 points).*'

Histology. Harvested knees were fixed in 10% formalin
for five days at 4°C with shaking, and were transferred
and stored in 70% ethanol. Before decalcification, screws
were removed without disturbing the surrounding tis-
sue. The condyles were separated from each other and
the femoral shaft using a fine-toothed saw. Samples
were then placed into 10% (v/v) neutral buffered para-
formaldehyde (Electron Microscopy Sciences, Hatfield,
Pennsylvania, USA) for an additional 24 hours. All sam-
ples were decalcified by submerging the tissue in Decal
(StatLab, McKinney, Texas, USA) for 24 hours with gentle
shaking at 4°C, changing the solution every three days
for seven days. Samples were then dehydrated through a
graded ethanol series, equilibrated in xylene, and embed-
ded in paraffin. Samples were sectioned medial-to-lateral
at 6 ym thickness to obtain anatomical sagittal sections
perpendicular to the orientation of the screw. Sections
from the superficial, middle, and deep regions of the
bone tunnel were mounted on Superfrost Ultraplus O
positively charged slides, deparaffinized with Histoclear
(National Diagnostics, Atlanta, Georgia, USA), rehydrat-
ed, and stained by Harris Hematoxylin (Sigma-Aldrich,
St. Louis, Missouri, USA) and Eosin Y (Leica Biosystems,
Buffalo Grove, lllinois, USA) or a modified Gram’s meth-
od for bacteria®? (Sigma-Aldrich). These were then cover-
slipped and digitally imaged using an Infinity3 CCD cam-
era (Teledyne-Lumenera, Ottawa, Canada), mounted on
an IX-81 microscope (Olympus) or a DP74 CCD camera
(Olympus) mounted on a SZX16 microscope (Olympus),
and processed with CelSens imaging software (Olympus).
Bacterial viability assay. To verify bacterial viability after
28 days in this model, a separate cohort of three rabbits
was prepared. At 28 days, implanted screws were care-
fully removed in a sterile manner without disturbing the
surrounding tissue and placed in a 1.5 ml plastic sample
tube containing 1 ml of PBS. To confirm the viability and
bioactivity of bacteria on the implant surface, the im-
planted screws were sonicated at 40 Hz for 20 minutes
at room temperature (Model 3510; Branson Ultrasonics,
Danbury, Connecticut, USA) and the sonicate collected.
The eluent and the sonicate collected from the implanted
screws were spread upon TSB agar plates and cultured
for 16 hours at 37°C for colony counting. The viability
of bacteria around the implant was confirmed by colo-
ny forming activity detected on bacterial culture plates.
After 16 hours of culture, bacterial colonies were evident
(Supplementary Figure a).

Statistical analysis. The statistical significance (p-values)
of mean values in a two-sample comparison was deter-
mined using the paired t-test (Microsoft Excel; Microsoft,
Redmond, Washington, USA). Data are presented as
mean and SD. Using an a of 0.05 (confidence interval of
95%), statistical significance was set at p < 0.05.

Results

Vital signs and mortality. All rabbits in the chronic PJI
model and control groups survived 28 days. Rabbits in
the chronic PJl group had elevated temperatures (mean
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Physiological markers of illness. a) Temperature and b) body mass of rabbits in the two groups of rabbits after surgery (n = 5/group). *p < 0.05 versus control

aseptic group, paired t-test. PJI, periprosthetic joint infection.
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Fig. 2

Haematological evidence of inflammation. a) CRP and b) ESR values in the two groups of rabbits (n = 5/group; (n = 4)). *p < 0.01 versus control aseptic screw

group, paired t-test. PJI, periprosthetic joint infection.

40.3°C (SD 0.6)) compared to controls measured at
a mean 39.1°C (SD 0.2) at 72 hours after surgery (a
mean elevation of +1.2°C (SD 0.6); p < 0.05, paired t-
test). Animals in the control group were never febrile
(Figure 1a). Maximum weight loss in the chronic PJI
group was 17% after surgery (Figure 1b). No mortality
occurred in either experimental group.

Blood test results. Rabbits in the chronic PJI group devel-
oped elevated CRP (Figure 2a) and ESR (Figure 2b) day
3 after surgery, which returned to normal by day 14. All
animals in the control group had normal ESR values and
slightly elevated CRP values that were significantly low-
er than osteomyelitis values.?*** Taken together with the
body mass and temperature profiles, these data indicate
an early acute phase of the infection, lasting approxi-
mately 14 days, followed by a less symptomatic chronic

phase. Laboratory values of WBC differentials revealed
leukocytosis in the chronic PJl group. Total WBC counts
were elevated on both day 5 and day 28 in the chronic
PJI group over the control group (Figure 3), and time-
points chosen for mean height of infection (day 5) and
end point analysis (pre-euthanasia, day 28). As shown in
Table I, in comparison to the control group, rabbits in the
chronic PJI group possessed abnormal WBC differentials,
including increases in neutrophil count on day 5 and day
28 over control values, and elevated monocytes on day 5
and day 28 over controls that remained unchanged with-
in normal ranges (Table 1).333¢ Lymphocyte counts for the
chronic PJI group remained in the normal range,**3¢ but
were significantly lower on day 5 and day 28 than con-
trols in this experiment. These laboratory values indicated
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Haematological evidence of infection. White blood cell (WBC) counts in the two groups of rabbits (n = 5/group). *p < 0.01 versus control aseptic screw

group, paired t-test. PJI, periprosthetic joint infection.

Table I. Prevalence of selected white blood cells five and 28 days after surgery.

Time point Mean white blood cells count, % (SD)
Band
Neutrophils Lymphocytes Monocytes Eosinophils neutrophils
Typical value**-3¢ 34to 43 39t0 68 1.0t09.0 0.1t02.0 0.0
Day 5
Control 32.0(5.2) 65.4 (4.6) 2.4(1.0) 0.2 (0.4) 0.0
PJl model 51.8 (5.6)* 39.2 (4.0)* 8.0 (2.9)* 0.4 (0.9) 0.4 (0.5)
Day 28
Control 34.6 (5.6) 62.0(5.3) 3.4(1.8) 0.0 0.0
PJI model 51.6 (2.7)* 35.0 (5.3)* 11.4 (2.9)* 1.0 (0.7)* 0.8 (0.8)

*p < 0.05 compared to control group on the corresponding day.
PJI, periprosthetic joint infection.

a persistent infection and inflammation in the inoculated
animals.

Radiographs. Postoperative radiographs revealed no frac-
tures in the bone surrounding the implant (Figures 4a
and 4b). After 28 days, no radiolucency or other radiolog-
ical parameters of osteolysis were observed surrounding
the bone tunnel in the control group (Figure 4c). In con-
trast, large areas of radiolucency were observed in 100%
of the animals in the osteomyelitis group (Figure 4d) as
compared to controls (Figure 4c). Qualitative assessment
according to An and Friedman?® of the chronic PJI group
showed a significantly higher score (p < 0.001, paired ¢-
test) than that of the control group (Figure 4e).
Histology. Haematoxylin and eosin staining revealed fi-
brous tissue lining the bone tunnel in the chronic PJI
group, while normal trabecular bone structure and bone
marrow were preserved in the control group (Figures 5a

and 5b). Gram staining revealed no Gram-positive bac-
teria, such as S. aureus (Figures 5c and 5e), while the
fibrous tissue in chronic PJI samples stained positively
with Gram stain (Figure 5d). High magnification revealed
Gram-positive particles 1 ym to 2 ym in diameter charac-
teristic of S. aureus cells (Figure 5f), providing histological
indication of biofilm formation in this model.

Discussion

PJI is a large clinical challenge with limited solu-
tions.¥ Treatment of these infections has not changed
or improved appreciably in the past several decades,
reflecting the lack of consensus in PJI terminology,
outcome evaluation, study design, and reporting
as well as inadequate clinical relevance of current
in vitro and in vivo models. It has been noted that
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Radiological evidence of osteomyelitis. Representative radiographs of rabbit knees and implants immediately after surgery (a and b) and 28 days after surgery
(c and d) in the control aseptic screw group (a and c) and chronic periprosthetic joint infection (PJI) group (b and d). e) Radiological scoring of rabbits in the
control and PJI groups at 28 days (n = 5/group). *p < 0.01 versus control aseptic screw group, paired t-test.

well-characterized large animal models necessary for
testing and validation of new treatment strategies for
periprosthetic osteomyelitis are lacking.® The purpose
of this study was to develop a rabbit model of femoral
chronic Pl in the distal femur that has characteristics of
clinical, chronic PJI. Here, we report that intraosseous
delivery of planktonic bacteria into a predrilled bone
tunnel followed by headless screw insertion and bone
wax sealing consistently results in survivable, chronic
PJl in the rabbit model. In this model, there is an acute
phase of infection in which the animal suffers high
temperature, loss of appetite, and weight loss. These
clinical values normalized after the first week of inoc-
ulation, a pattern that was reflected in the serum ESR
and CRP values as well. Together these data suggest the
ability of the immune system to control the infection.3®
The blood test results also indicate leukocytosis, specif-
ically increased total neutrophil and elevated monocyte
counts.?>3¢ Reduction in lymphocyte percentage has
been observed in other studies of leporine responses
to infection.*® This leukocytosis and the detectable
increase in immature neutrophils (in the rabbit model)
indicate active infections.** Radiography showed that
by day 28, 100% of the animals in the experimental
group suffered bone infection as defined by increased
radiolucency around the implant, which is a hallmark
of PJ1.#>42 Histological analysis of explanted bone from
the inoculated group revealed fibrous tissue formation
within the bone tunnel that stained positively on Gram’s
stain in serial sections, whereas healthy bone formation
was observed in the aseptic screw group.3? The positive
Gram’s stain was coincident with particles characteristic
of bacteria in size. In addition, the viability of bacteria
after 28 days of inoculation with a separate cohort was
demonstrated using ex vivo bacterial culture. Together
these results strongly suggest the evidence of PJI.

A variety of animal models have been used to study
PJl and osteomyelitis in the experimental setting,
including rodents (mice and rats) and large animals such
as rabbits, pigs, goats, and dogs.5*® In the literature, the
rabbit is among the most frequently used models in the
study of PJl and osteomyelitis. It is most frequently used
to study therapeutic interventions for the treatment of
acute and chronic infections. Readouts are frequently
focused on survival, bone lesions, and healing through
imaging techniques and bacterial culture at an
endpoint.>* Interestingly, the study of PJl and osteomy-
elitis pathogenesis and biofim formation is most often
performed in rodents, which are much more affordable
to maintain, have well-characterized immune systems,
and are amenable to a plethora of genetic and imaging
tools. However, rodent models are limited by their small
size and the presentation of the disease is very different
than in humans. For example, rodents rarely become ill
at the onset of PJI or osteomyelitis, often forming local
abscesses as opposed to succumbing to sepsis.®* This
difference in outcomes reflects fundamental differences
in the immune responses between rodents, rabbits, and
humans that may have significant consequences when
developing treatment for clinical translation. Literature
indicates that rabbits are preferred not just for size and
affordability,®** but also for well-characterized immune
response to infections, where rabbits are phylogeneti-
cally more closely related to humans than rodents.?’4¢
As the model chosen for this study will subsequently
be used to test therapeutic interventions for chronic
(and acute) PJI, the rabbit presented a sufficiently
large, affordable, and physiologically similar system to
humans for this and future studies.

In this study, we have characterized P|l disease progres-
sion in the rabbit over a four-week period, demonstrating
that the animals suffer acute illness in the first week,
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(Scale bar = 10j

Fig. 5

Histological evidence of osteomyelitis. Serial sections from a representative sample in the (a, c, e) control aseptic screw group and (b, d, f) chronic
periprosthetic joint infection (PJI) group were stained either with haematoxylin and eosin (H&E) (a, b) and imaged at 40x (scale bar = 200 pm), or with Gram’s
stain (c-f) imaged at 40x (c, d; scale bar = 200 um) or 100x (e,f; scale bar = 10 um).
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characterized by high fever, weight loss, and elevated WBC,
ESR, and CRP values, but become survivable with systemic
antibiotic treatment. In the absence of antibiotics, the
animals would have died. However, the antibiotics are not
sufficient to resolve the infection, leading to periprosthetic
osteomyelitis that was demonstrated by radiography and
histology. This scenario suggests a subsequent subclinical,
chronic phase, which is much more akin to illness observed
with PJI and in the clinic.’®"” Thus, the data indicate that we
have successfully developed a leporine model of chronic,
periprosthetic osteomyelitis that has many of the same clin-
ical outcomes observed in humans.

In the process of developing the periprosthetic
osteomyelitis model reported here, other methods of
induction were tested (Supplementary Material). Each
cohort included five rabbits and all failed due to high
mortality rate and excessive weight loss (over 20%)
despite intensive care (i.e. antibiotics injection, force
feeding, etc.) (Supplementary Table i and Supplemen-
tary Figure b). In our experience, intra-articular bacte-
rial injection at concentrations of 100 ul of 2.0 x 107
CFUs/ml and 100 pl of 2.0 x 10% CFUs/ml caused 100%
mortality. Our observations indicate that the animals
suffered acute illness characteristic of sepsis (undiag-
nosed), and although it is possible that lower initial
bacterial loads might have reduced the mortality rate,
rabbits generally do not tolerate intra-articular infec-
tion well. To this point, a previously reported rabbit
osteomyelitis model described by Darouiche et al' is
comparable to the osteomyelitis model reported here.
Darouiche et al' induced osteomyelitis with an intra-
articular injection of 500 CFUs S. aureus, and evaluated
the effectiveness of their novel antimicrobial-coated
devices in the prevention of osteomyelitis. Despite a
very short endpoint of seven days, three rabbits died
and the clinical state of the survivors was not published.
In that study and in most other previous publications,
rabbit infection models are developed for the evalua-
tion of new antibiotic treatments or implant in compar-
ison to conservative treatment.?>4-° As a result, the
timepoints are short, and the question of whether the
artificially induced joint infection or acute osteomyelitis
can or does progress to chronic osteomyelitis is not
addressed. In addition, many models use study-specific
or novel implants and procedures, making them diffi-
cult to replicate. A strength of this study is the use of
'off-the-shelf' materials and methods that are easily
replicated and permit 100% survivorship over 28 days
with appropriate medication and diet. After these 28
days, we observe clear evidence of Pl that will facilitate
future studies of osteomyelitis treatment and biofilm
development.

However, there are several limitations to our study.
First, the purpose of this study was to develop a chronic
PJl model reflecting the clinical progression of the
disease. However, the intolerance of the rabbits for intra-
articular infection with placement of an intra-articular

implant as performed by our group required bacterial
inoculationin the bone tunnel, which may notreflect the
clinical mechanism of PJI. Second, two maijor criteria of
PJl as described by Parvizi et al' and Gehrke et al*' were
not verified, namely synovial WBC and synovial poly-
morphonuclear leucocyte counts. Third, the method
of sample preparation for histological analysis, paraffin
embedding, and standard sectioning rendered the eval-
uation of biofilm formation on the implant surface and
bone interface impossible, such that the viability of the
bacteria at the time of harvest and the possibility of
nosocomial/contaminant infections around the implant
cannot be ruled out.

We conclude that intraosseous delivery of planktonic
bacteria into the bone tunnel followed by headless screw
insertion and bone wax sealing consistently results in
survivable, chronic Pl in the rabbit model. Such a model
can be useful not only in testing the efficacy of antimicro-
bial approaches for clinical trial, but also provide insights
on PJI disease progression.

Supplementary material
Image of representative bacterial cultures to con-

firm the presence of viable bacteria, description of

other means of periprosthetic osteomyelitis in-
duction that were tested prior to the model reported
here, table comparing preliminary models tested in the
development of the final chronic periprosthetic osteomy-
elitis model, and Kaplan-Meier graph comparing all mod-
els of periprosthetic osteomyelitis tested. The E10 full AR-

RIVE guideline checklist is also included to demonstrate
compliance with ARRIVE guidelines.
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