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Abstract

Despite improved strategies to prevent prosthetic joint infection, as the total number of joint replacements increases, so does the
absolute number of infections. Radiography serves as the first-line imaging modality for the assessment of a suspected prosthetic
joint infection. Additionally, serial radiographs acquired after a surgery to eradicate a prosthetic joint infection are an important
clinical tool. Prosthetic joint infections are often treated with a 2-stage replacement arthroplasty utilizing a prosthesis with antibiotic-
loaded acrylic cement. While complications are uncommon with this procedure, imaging may demonstrate periprosthetic fractures,
as well as spacer migration, joint dislocation, and spacer fracture. We describe the classification of prosthetic joint infections, the
clinical and imaging diagnosis, and treatment strategies. Familiarity with the hardware utilized in the management of the prosthetic
joint infection, and its potential complications is fundamental to accurate imaging interpretation.
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Introduction

Joint replacement is a life-enhancing procedure, aimed at pro-
viding pain relief, restoration of function and independence,
and overall improvement in quality of life [1]. Orthopedic
surgical hardware is increasingly being used for fracture re-
duction, arthrodesis, and arthroplasty. Although infection rates
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for prosthetic implants have dropped in recent years as a result
of perioperative antibiotic prophylaxis, improved surgical
techniques, and laminar airflow in operating rooms, as the
use of implants rises, so does the absolute number of infec-
tions [2—4]. In 2010, in the USA alone, there were 332,000
total hip and 719,000 total knee arthroplasties performed.
These numbers are projected to reach 572,000 and 3.48 mil-
lion by 2030 for hips and knees, respectively [1].

Prosthetic joint infection (PJI) refers to an infection involv-
ing the prosthesis and tissues surrounding the implant, with
any joint susceptible [1, 4]. Periprosthetic infection is the lead-
ing cause of revision total knee arthroplasty, and third most
common cause for total hip arthroplasty revision, with an es-
timated incidence of primary total knee or hip arthroplasties
complicated by periprosthetic infection of 0.2-3% [2—6]. PJIs
are associated with a 1-year mortality rate of 8-25.9% [4].

On initial contact with blood, plasma proteins are adsorbed
onto the surface of the prosthesis forming a “conditioning film”
for which microorganisms can adhere. Some microorganisms,
such as Staphylococcus epidermidis, are capable of synthesizing
glycoproteins, transforming the conditioning film into a biofilm,
or glycocalyx, protecting the microorganism from the body’s
immune response and from antibiotics [1, 3]. The biofilm is a
complex, highly organized community, with a well-hydrated
extracellular matrix. The bacteria in the biofilm are up to 1000
times more resistant to antibiotics than systemic bacteria [2].
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PJIs can occur through direct contamination during sur-
gery, hematogenous spread as a result of bacteremia related
to a remote site of infection, or as a contiguous infection due to
contact with an adjacent site of infection or open wound [2].
PJIs that occur within the first few months of joint implanta-
tion are most likely related to microorganisms acquired at the
time of surgery, such as Staphylococcus aureus, while late
infections are often related to chronic infection from indolent
microorganisms such as coagulase-negative staphylococci, or
hematogenous seeding of bacteria from a distant site [5].
Additional causative microorganisms include streptococci,
enterococci, and gram-negative bacteria, among others [1, 4].

While imaging plays a minor role in acute infections, or
those that occur within 2 weeks postoperatively, it may be
useful for those with chronic infection where clinically overt
and systemic manifestation are rare [2]. Radiographs are ac-
quired to assess for osteolysis or hardware loosening that
might suggest infection, among other features detailed in the
section of “Diagnosis of prosthetic joint infections”, and are
most effective when studied serially over time [4, 7-9]
(Fig. 1). Advanced imaging techniques play a limited role in

Fig. 1 53-year-old man with late-onset prosthetic joint infection 7 years
after an Agility total ankle arthroplasty with a custom stemmed talar
component. Mortise radiograph of the ankle demonstrates periprosthetic
lucency (white arrows) and osteolysis (black arrow) adjacent to the tibial
component (arrowheads: subsidence of the talar component; block arrow:
retained screw from a remote triple arthrodesis)
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the diagnosis of the PJI, being both time-consuming and ex-
pensive [7].

Classification of prosthetic joint infections

The clinical classification frequently used for PJIs is based on
the time of onset. The basis for this classification was pro-
posed by Coventry et al. in 1975 and modified by Fitzgerald
etal. in 1977 [10, 11]. Classification by time of onset can be
early, delayed, or late. The distinction of these categories
varies within the literature, such as defining an early onset
infection as within 1 month [12]; however, most studies define
an early onset PJI as occurring within 3 months of surgery
[13]. There is no consensus whether a period of 3 months
has a worse outcome than 1 month [14]. A delayed infection
has been defined as occurring after early onset, but before
12 months or 24 months, with most studies stating within
24 months [13]. Lastly, a late onset infection occurs after the
delayed period, usually beyond 24 months. The utility of clas-
sifying infection by time is that it provides clues as to the
causative organism and route of infection, helping to guide
clinical management [15] (Table 1).

Early-onset infections are due to virulent pathogens, which
most commonly are Staphylococcus aureus or gram-negative
bacilli [16]. The infection is acquired during the implantation
or secondary to wound dehiscence. The typical patient presen-
tation includes wound drainage, joint pain, effusion, and fever.
At the site of the implant, there is edema, erythema, and indu-
ration [17].

Delayed-onset infections are due to less virulent pathogens,
which are usually coagulase negative staphylococci or more
rare isolates such as Propionibacterium acnes [16]. The infec-
tion is acquired typically during implantation. The patient of-
ten presents with persistent joint pain with or without implant
loosening. Notably, loosening of an implant related to infec-
tion may be difficult to differentiate from aseptic loosening.
With septic loosening, there is persistent pain, while aseptic
loosening typically generates pain with motion or weight-
bearing, but overall the two are difficult to distinguish clini-
cally [13].

Late-onset infections are usually acquired by hematoge-
nous spread from a distant source of infection. A source of
infection is identified in about 50% of cases [1]. Clinically, the
patient may present with an acute onset of infectious symp-
toms in a previously well-functioning joint [17].

Although most studies use the conventional classification
governed by time of onset of infection, a few alternative clas-
sifications have been proposed. One classification by
Tsukayama et al. places PJIs into four categories, three of
which are based on clinical presentation: early postoperative,
late chronic, or acute hematogenous. Early postoperative is
defined as a wound infection that develops within 1 month
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Table 1  Classification of the prosthetic joint infection by time of onset. Although alternative classifications of the prosthetic joint infection exist, time
of onset is the most often used in studies [1, 4, 6, 10-17]

Time of Definition Causative organism Acquisition Management

onset

Early Within 1-3 months  Virulent pathogens; i.e., S. aureus or During implantation or Surgical debridement with replacement of

of surgery gram-negative bacilli

Delayed After early onset, but Less virulent pathogens; i.e., coagulase During implantation

before 24 months

Late After the delayed
period/24 months

negative staphylococci or P. acnes

Hematogenous spread from

prosthetic components not anchored to
bone combined with antibiotics

secondary to wound
dehiscence

Removal or revision of prosthesis with
antibiotics
Removal or revision of prosthesis with

distant source of infection antibiotics

of the surgery. Late chronic develops after 1 month with an
insidious clinical course. Acute hematogenous is associated
with a documented or suspected antecedent bacteremia and
characterized by an acute onset of symptoms. Lastly, a fourth
clinical setting is defined as having positive intraoperative
cultures. An obvious advantage of this classification is greater
emphasis on the clinical presentation rather than categorical
placement based on time of onset alone, which does not al-
ways guide treatment decisions, in particular with regard to
indications for prosthesis removal [12].

Another alternative classification utilizes three of the cate-
gories from Tsukayama et al., early postoperative, late chron-
ic, and acute hematogenous, which are referred to as types I,
11, or III. In addition, the systemic host status is graded using a
number of patient factors, and the involved limb is also graded
on several factors, which include active infection, soft tissue
necrosis, or the presence of a fistula or abscess. This system
attempts to provide a more specific description of PJIs [18,
19].

A study by Romano et al. proposed an all-encompassing
bone and joint infection (BJI) classification, including PJIs,
based on 10 previously proposed classifications using a seven-
point scale: clinical presentation, etiopathogenesis, anatomo-
pathological findings, host type, microorganism, bone defect,
and soft tissues [20].

Currently used diagnostic algorithms, such as those pro-
posed by the Infectious Disease Society of America and
Musculoskeletal Infection Society (MSIS), detailed further
under “Diagnosis of prosthetic joint infections”, place a heavy
emphasis on cultures and laboratory findings, and broadly
stratify patients into acute and chronic categories using
6 weeks as a cutoff [21, 22].

Diagnosis of prosthetic joint infections

The MSIS standardized criteria for PJIs in 2011 [23]. This
original classification defined PJI as having either one of the
major criteria of (1) presence of a sinus tract communicating
with the prosthesis, or (2) a pathogen isolated by culture from

at least two separate tissue or fluid samples obtained from the
affected prosthetic joint, or (3) if four of the following six
minor criteria are present: (a) elevated serum erythrocyte sed-
imentation rate (ESR) and serum C-reactive protein (CRP)
concentration, (b) elevated synovial leukocyte count, (c) ele-
vated synovial neutrophil percentage (PMN%), (d) presence
of purulence in the affected joint, (e) isolation of a microor-
ganism in one culture of periprosthetic tissue or fluid, or (f)
greater than five neutrophils per high-power field in five high-
power fields observed from histologic analysis of
periprosthetic tissue at x 400 magnification [23]. This “gold
standard” definition was universally applied by all physicians,
surveillance authorities such as the Centers for Disease
Control, research community, and others involved in the man-
agement of PJI [23]. The criteria largely resulted in clinicians
being more confident in their diagnosis and in providing ap-
propriate treatment, as well as improved research collabora-
tion and consistency [24].

The emergence of new diagnostic tests and lessons learned
following the institution of the original MSIS criteria resulted
in an updated version of the criteria published in 2018 [24].
The emergence of new techniques, such as serum D-dimer,
synovial leukocyte esterase, synovial alpha-defensin, and sy-
novial C-reactive protein, as well as molecular techniques,
such as next-generation sequencing, resulted in modification
of'the original diagnostic criteria to an evidence-based scoring
system for knee and hip PJIs [24-27]. The modified system
judges the relative weights of each test and takes into account
pretest probability to determine a score that can be used to
diagnose patients in the preoperative period [24].

The new criteria emphasize that elevated CRP > 1 mg/dL,
D-dimer > 860 ng/mL, and ESR > 30 mm/h are the most im-
portant variables associated with PJIs. The most significant
synovial markers associated with PJIs are elevated white
blood cell (WBC) count >3000 cells/uL, alpha-defensin
signal-to-cutoff ratio > 1, leukocyte esterase ++, polymorpho-
nuclear (PMN) percentage > 80%, and CRP > 6.9 mg/L [24].

Although advances in laboratory testing and imaging mo-
dalities help to facilitate the diagnosis of PJI, a high clinical
suspicion and a thorough history and physical examination
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remain the mainstay in the initial diagnosis of a patient with a
painful joint arthroplasty [8]. Risk stratification as high or low
probability for infection is crucial, and assessing for risk fac-
tors that increase the likelihood for infection such as male
gender, alcohol/drug/tobacco use, previous joint surgery, de-
pression, inflammatory arthropathy, immune suppression (to
include corticosteroid and immunosuppressive therapy), dia-
betes mellitus, obesity, prolonged surgery time,
megaprostheses, malnutrition, early implant loosening (<
5 years), early osteolysis (<5 years), and postoperative com-
plications such as hematoma, superficial surgical site infec-
tion, wound drainage, and wound dehiscence, is important
[1,2,4,5,28].

Serologic testing, in particular, ESR and CRP are useful
screening modalities. If both tests are negative, there is a low
risk of PJI. Conversely, if both tests are positive, this raises
suspicion for PJI and aspiration of the joint is suggested ac-
cording to the American Academy of Orthopaedic Surgeons
(AAOS) clinical guidelines [28].

Joint aspiration may be performed at the bedside, intraop-
eratively, or with image guidance. The synovial fluid should
be analyzed for WBC count, differential (% PMNSs), and aer-
obic and anaerobic cultures [28]. The International Consensus
on PJI recommends WBC > 3000 cells/puL and > 80% neutro-
phils as highly suspicious for PJI [29]. Culture is the best
means to diagnose infection, but has poor sensitivity [30]. If
no fluid is obtained, also referred to as a “dry tap,” performing
lavage of the joint with sterile saline is not universally recom-
mended, as no high-quality studies exist supporting the diag-
nostic value of this method, which may dilute microorganism
concentration, be unrepresentative of joint fluid, and with the
technique posing a potential risk of causing infection in an
aseptic arthroplasty [28, 31]. A dry tap does not exclude in-
fection, and repeat aspiration may be indicated.

Aspiration can be achieved by the radiologist with fluoro-
scopic guidance; however, this is without direct visualization
of'the soft tissues and fluid [32]. Nevertheless, the fluoroscop-
ic imaging provides the radiologist with a roadmap of osseous
landmarks that are utilized to place the needle into the joint,
which is ultimately confirmed with the injection of a small
quantity of iodinated contrast. Ultrasound and computed to-
mography (CT) provide needle guidance into the joint space
with the added advantage of visualization of the surrounding
soft tissues and joint. Ultrasound-guided aspiration of the
prosthetic joint has demonstrated a 69% sensitivity, 94% spec-
ificity, and 83% accuracy, while CT has demonstrated a 70%
sensitivity, 100% specificity, and 84% accuracy for the diag-
nosis of infection in previous studies [32]. Ultimately, the
accessibility of a given modality and operator proficiency in
the use of the various modalities available plays a large role in
the decision to use one approach versus another.

Intraoperative testing can be used for the diagnosis of PJIs,
particularly if the diagnosis is indeterminate. Cultures are the

@ Springer

Fig.2 64-year-old woman with delayed infection after ankle arthroplasty.
Lateral ankle radiograph after first stage of two-stage replacement
arthroplasty demonstrates implantation of a static antibiotic-
impregnated cement spacer

most reliable way to identify organisms, and obtaining multi-
ple tissue samples for culture is recommended within the
AAOS guidelines. Frozen section can be useful when the di-
agnosis is uncertain although it depends on the surgeon’s spec-
imen samples, the skilled interpretation of the pathologist, and
the threshold of the WBCs [28]. The use of intraoperative
gram stain is not recommended by the AAOS as it has poor
sensitivity [33].

Imaging

Imaging of suspected PJI is primarily by radiographs, despite
their lack of sensitivity and specificity. Radiographs are most
helpful when studied serially after implantation and compared
with prior studies [7, 8]. Notably, radiographs are often normal
in the early stages of infection [8, 9].

The rapid migration of a prosthesis, defined as at least
2 mm within 6—12 months, rapidly progressive
periprosthetic osteolysis, and irregular appearing or multi-
focal periprosthetic osteolysis reflect features highly suspi-
cious of PJI on radiographs. Periprosthetic lucency can
occur at the metal-bone or cement-bone interface (Fig. 1).
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Fig. 3 62-year-old woman with
an infected right knee prosthesis.
Anteroposterior (a) and lateral (b)
radiographs of the right knee after
explant of the infected prosthesis
and placement of PROSTALAC
(the femoral and tibial
components were constructed
using StageOne™ Knee Cement
Spacer Molds by Zimmer
Biomet). Cement has also been
placed in a pre-existing medial
tibial plateau defect (arrow)

Additional features of PJI apparent on radiography include
osseous erosions and new bone formation apparent within
3—6 months postoperatively, generalized bone resorption,
transcortical sinus tracts, periosteal reaction, cement frac-
ture, and sclerosis. Unfortunately, there is considerable
overlap in the imaging features of PJI, aseptic loosening,
and particle disease. Rarely apparent, but also suggestive
of infection, is the presence of a sequestrum or gas about
the prosthesis/soft tissue emphysema [4, §, 9].

CT, magnetic resonance imaging (MRI), and ultrasound
play limited roles in the diagnosis of PJIs, and the AAOS
clinical practice guidelines do not recommend the routine
use of these imaging modalities [8]. Both CT and MRI are
prone to artifact related to the metal implant [4]. CT can
detect abscesses around the arthroplasty, bone erosions,
periprosthetic lucency, fistulae/sinus tracts, and communi-
cations between fluid collections. In addition to those find-
ings apparent on CT, MRI can also detect bone marrow
signal abnormalities. Ultrasound can detect collections of
fluid within or adjacent to the joint, as well as subcutane-
ous fistulae [7, 9].

Although MRI is limited by artifact, more recent prostheses
are made with less ferromagnetic alloy materials, such as tita-
nium. Ferromagnetic alloy materials are the primary driver of
metal-related susceptibility artifacts on MRI. Additionally,
technologic advancements in metal reduction sequences, to
include metal artifact reduction sequences (MARS), slice
encoding for metal artifact correction (SEMAC), and multi-
acquisition with variable-resonance image combination
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Fig. 4 49-year-old man with a postoperative anteroposterior shoulder
radiograph after the first stage of a two-stage revision demonstrating an
articulating shoulder spacer (InterSpace Shoulder)*. *The InterSpace
Shoulder is a preformed unipolar hemiarthroplasty made of gentamicin-
impregnated polymethylmethacrylate (PMMA) bone cement and a
stainless-steel core (https://www.exac.com/spacers/. InterSpace®: Trust
the Science. Accessed: 9/5/2019. 2018)
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(MAVRIC), have made MRI a more feasible option in the
diagnostic work-up of the suspected PJI. Prior studies have
demonstrated 65-92% sensitivity and 85-99% specificity for
infection at the knee, and 94% sensitivity and 97% specificity
at the hip [32, 34].

@ Springer

Radionuclide imaging has low specificity, but may predict
the absence of infection with a negative scan when the diag-
nosis of PJI is indeterminate, for instance in the case of failed
attempts to retrieve synovial fluid [9, 35]. The “triple-phase
scan” (Tc-99 bone scan, In-111 white blood scan, and sulfur
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<« Fig. 5 57-year-old man with a chronically infected polymicrobial right
reverse total shoulder arthroplasty treated with seven debridement and
irrigation procedures with retention of the implant in the span of
6 years. He had a persistent draining sinus with grossly purulent
discharge, ultimately warranting a two-stage replacement arthroplasty.
Anteroposterior radiograph of the right shoulder (a) demonstrates a re-
verse total shoulder arthroplasty. Postoperative anteroposterior shoulder
radiograph (b) after the first stage of a two-stage revision procedure dem-
onstrates an articulating shoulder spacer (InterSpace Shoulder) and place-
ment of antibiotic beads. Radioluceny (arrows) distal to the stem of the
spacer is normal and represents the cavity left from the original implant.
He was treated with 6 weeks of intravenous antibiotics and chronic oral
suppression with doxycycline. Five months after revision to antibiotic
spacer, the patient was cleared for a second-stage implantation by the
multi-disciplinary managing team. Anteroposterior shoulder radiograph
() after the second stage of the revision procedure demonstrates conver-
sion to a reverse total shoulder arthroplasty

colloid scan) may improve the sensitivity and specificity of an
isolated 3-phase bone scintigraphy study, and is generally rec-
ommended over a single nuclear test alone [9, 32, 36]. The
routine use of FDG-PET/CT in patients with suspected PJI is
not supported [9].

Pathogenesis, surgical management,
and complications of the two-stage
replacement arthroplasty

In the majority of cases, the successful management of a PJI
requires surgical intervention and medical therapy [1].
Treatment strategies vary depending on the clinical scenario,
and include open or arthroscopic debridement without

Fig. 6 58-year-old woman with
recalcitrant left hip prosthesis
infection status post placement of
a PROSTALAC. Anteroposterior
left hip radiograph (a)
demonstrates hip PROSTALAC,
composed of a polyethylene liner
(white dots) cemented to the
acetabulum (white arrows) as well
as a modular femoral metallic
core coated with cement along its
proximal non-articulating surface
(black arrows; antibiotic-
impregnated cement was used).
Anteroposterior left hip radio-
graph (b) obtained 1 month later
shows loosening and vertical mi-
gration of the acetabular compo-
nent of the prosthesis

removal of the prosthesis, resection of the prosthesis without
reimplantation, resection of the prosthesis with reimplantation
of a new prosthesis either at the time of removal (one-stage or
direct arthroplasty exchange) or delayed by weeks to months
(two-stage arthroplasty exchange), arthrodesis, amputation, or
antimicrobial suppression without surgery [1].

In cases of an acute infection, or those detected and treated
within 2—4 weeks of the beginning of the infection, a biofilm
has not fully formed. While the microorganisms are protected
by mucus created from extracellular polymeric substances that
limits the efficacy of antibiotics and the host’s immune re-
sponse, the film is still treatable. Therefore, in the acute infec-
tion, treatment is aimed at rupture of the biofilm. An attempt at
prosthesis-preserving treatment is justifiable if the infection is
acute, the implant is well anchored, soft tissues are intact, and
the pathogen is easily treatable. Management may include
surgical debridement with replacement of prosthetic compo-
nents not anchored to bone, such as the polyethylene liner or
modular femoral head, combined with antibiotic therapy for
6 weeks to 6 months, beginning with intravenous and
transitioning to oral. With appropriate therapy, prosthesis pres-
ervation is achieved in 35-90% of cases [1, 4]. Debridement
with prosthesis retention is commonly referred to as debride-
ment, antibiotics, and implant retention (DAIR). Open de-
bridement has a lower rate of treatment failure when compared
with arthroscopic debridement [1].

With chronic infection, for which biofilm formation is pre-
sumed complete, removal or revision of the prosthesis is typ-
ically required [4]. In the single-stage procedure, the infected
hardware components are removed, the field is aggressively
debrided, and a new arthroplasty is placed, typically using
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Fig. 7 65-year-old man with
prosthetic joint infection and
placement of PROSTALAC as
well as proximal femoral wires
(a). Hip radiograph obtained

2 years later (b) demonstrates
hypertrophic callus formation and
malunion (arrows) at the site of a
healed periprosthetic fracture

antimicrobial-loaded polymethyl methacrylate (PMMA) to fix
the new arthroplasty in place, followed by intravenous and
long-term oral antibiotics [1, 6]. This form of direct exchange
of the infected prosthesis for a new one is associated with a
reinfection rate of up to 30%, presumably related to incom-
plete sterilization of the operative bed [6, 37]. As such, a two-
stage procedure is typically preferred for the treatment of
chronic PJIs in both the USA and Europe, in which the infect-
ed prosthesis is removed and replaced once the infection has
been eradicated, with an intervening period of time provided
for antibiotic therapy [3, 6, 37]. The successful eradication of
infection is achieved in more than 90% of cases of two-stage
revision [3].

Two-stage replacement arthroplasty

Surgical candidates for a two-stage replacement arthroplasty
are those medically fit for multiple surgeries and with ade-
quate bone stock. In the first stage, all foreign material is
removed, bone and soft tissue debridement is performed with
synovectomy, irrigation, and reaming of the medullary canal.
Antibiotic-loaded cement beads and/or an antibiotic-loaded
static or articulating spacer is placed, followed by closure of
the soft tissues [1, 2, 6, 37].

Intravenous and/or oral antibiotics are typically adminis-
tered for approximately 2—12 weeks afterwards, and delayed
reconstruction is subsequently performed [1, 2, 4, 6, 37]. No
specific metrics exist to determine optimal timing of reimplan-
tation. When to reimplant should be based on clinical signs of
infection, down trending of serologic markers, and, if aspira-
tion is performed, results of synovial fluid [1, 37].

@ Springer

Although no conclusive evidence exists to support the
practice, a 2—8-week antibiotic free interval may be given
following the completion of the intravenous antibiotic regi-
men, referred to as a drug holiday, to allow for residual infec-
tion to reemerge. This also theoretically ensures that samples
collected at reimplantation for microbial culture are not falsely
negative as a result of previous antibiotic administration.
During this timeframe, serologic testing and synovial aspira-
tion are performed to identify possible persistent infection
before the reimplantation procedure [1, 37].

A review of the literature performed by Aalirezaie et al.
yielded limited evidence for deferring reimplantation until
all serologic markers are normalized, with no single factor
alone considered flawless for evaluating the success of a
two-stage arthroplasty in eliminating infection. Further, the
authors highlight that serologic and synovial testing may be
inconsistent or misleading when used to identify persistent
infection, and that deferring reimplantation to allow serologic
markers to normalize can lead to prolonged disability, soft
tissue contractures, and further bone loss. Aspiration of a

Table 2 Checklist for radiographic evaluation of the antibiotic cement
spacer [1, 6, 38, 39]

Questions for the radiologist to address:

Has bone loss occurred about the construct?

Has the component migrated relative to the immediate
post-operative imaging?

Is there joint dislocation?

Is there spacer fracture?

Is there periprosthetic fracture?
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Fig. 8 52-year-old man with a
failed revised left total hip
arthroplasty secondary to chronic
fungal prosthetic infection.
Anteroposterior radiograph of the
left hip (a) demonstrates vertical
migration of the grossly loose
acetabular component of the total
hip prosthesis. Anteroposterior
hip radiograph after Girdlestone
arthroplasty (b) demonstrates a
proximal femoral shaft fracture
(sustained intraoperatively and
demarcated with an arrow)
transfixed with an intramedullary
rod as well as packing of the
acetabular and proximal femoral
defects with antibiotic-
impregnated cement.
Anteroposterior hip radiograph
obtained 4 months later (¢) dem-
onstrates removal of the
intramedullary rod and antibiotic-
impregnated cement

cement spacer, interpreted in conjunction with clinical evalu-
ation, imaging, serologic tests, and biopsies, provides the
highest diagnostic accuracy for identifying persistent infection
before reimplantation [37].

Intraoperatively, frozen sections of periprosthetic tissue to
identify and quantify polymorphonuclear cells per high-power
field, and leukocyte esterase strip testing, can be used as a
decision-making tool for reimplantation, with reimplantation
held if positive results [1, 37].

A temporary antibiotic-loaded acrylic cement (spacer) is
implanted locally during the first stage of the two-stage re-
placement arthroplasty, and remains in place during the anti-
biotic drug regimen, and during the drug holiday [37]. Bone
cement, or PMMA, is used to affix prosthetic components to
bone [6]. The concept of adding antibiotics to bone cement

was introduced in 1970 by Buchholz and Engelbrecht, when
they reported the efficacy of gentamicin-loaded cement in the
prevention of infection following hip replacement [3]. The
antibiotic-impregnated cement delivers a higher concentration
of antibiotic locally than can be obtained with systemic anti-
biotics, with pharmacokinetic studies estimating local concen-
trations up to 200 times higher than those for systemic admin-
istration, while reducing the drug toxicity that may occur with
high parental doses of antibiotics [1, 3, 6]. Local diffusion
allows the drug to reach avascular areas that are otherwise
inaccessible by systemic therapy, and at a required concentra-
tion that otherwise would not be achievable systemically [3].

PMMA cement is prepared by mixing powdered PMMA
particles that contain barium sulfate with liquid methyl meth-
acrylate and an activator. The antibiotics, such as vancomycin,
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aminoglycosides, penicillins, cephalosporins, and erythromy-
cin, are mixed in powdered form with the PMMA powder
before the addition of a liquid monomer and can then be
molded [1, 3, 6].

The role of the spacer is two-fold. The spacer not only acts
to eradicate the infection but is also used to occupy the space
previously occupied by the prosthesis, in effort to reduce scar-
ring, to increase the ease of reimplantation, and to maintain
bone quality [3]. Without a spacer, the limb is placed in either
external fixation or traction, severely limiting mobility and
resulting in muscle atrophy or stiffness. Debris fills the space
left by the vacated components, and soft tissue contracture
occurs in 80-100% [1, 6].

Antibiotic cement spacers are classified as either static, also
known as nonarticulating or block spacer, or articulating [1].
Static spacers were used in the past, composed of chains of
antibiotic-impregnated PMMA beads or a cement block,
which pack the vacated space (Fig. 2). Their use is no longer
routine, as they become surrounded by fibrotic tissue and are
difficult to remove after 4-6 weeks. Additionally, the immo-
bile joint makes ambulation challenging [3]. These spacers are
typically handmade in the operating room [1].

An articulating spacer provides better mobility, decreased
scarring, and better long-term range of motion relative to the
static spacer, by providing a structure and function similar to
the traditional arthroplasty components [3, 6]. They can be
custom molded or premanufactured and commercially avail-
able preformed units [1]. The evolution of the articulating
spacer has included cement-only spacers, to cement molded
around metal or polyethylene, and to a prosthesis with
antibiotic-loaded acrylic cement, known as a
“PROSTALAC” implant, which was designed to treat infect-
ed knee and hip arthroplasties [3, 6]. The PROSTALAC was
developed by Duncan and Beauchamp to treat infected hip
joint replacements, with the initial design a metal femoral
endoskeleton covered with antibiotic-loaded acrylic cement
(ALAC) [6]. The initial design allowed the cement of the
femoral head to articulate with the native acetabulum, which
led to bone erosion and discomfort. This resulted in the intro-
duction of an acetabular cement component, but this cement-
on-cement interface resulted in limited motion and discom-
fort. As a result, the design further evolved, leading to an
articulating polyethylene acetabular liner and a metal femoral
head, with the nonarticular portion of the hardware coated or
embedded with ALAC. The PROSTALAC implant for the
knee also underwent revisions from the original design, with
the implant eventually using articulating femoral and tibial
components, and the nonarticulating surfaces covered with
ALAC. A femoral cam and tibial post provide stability that
is normally provided by the posterior cruciate ligament [6]
(Figs. 3 and 4). Articulating spacers have also been used in
other joints such as the shoulder and ankle.
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At the second stage, the PROSTALAC implant is removed,
and a preshaped, well-vascularized cavity is present which
permits receipt of the final arthroplasty [6]. Antimicrobial
therapy may be administered after reimplantation [1] (Fig. 5).

Antibiotic cement spacers rarely exhibit complications.
Prolonged implantation with the elution of subtherapeutic
levels of antibiotic may result in the development of resistant
organisms. Additionally, once the antibiotic elution is com-
plete, the cement may act as a foreign body that predisposes
to superinfection [3]. Bone loss with static spacers can occur,
as can extensor mechanism damage and wound dehiscence
with articulating spacers [1]. Mechanically, the component
can migrate, the joint can dislocate, and both the spacer and
surrounding bone can fracture [6, 38, 39] (Figs. 6 and 7),
features that may be apparent on follow-up radiographs
(Table 2).

Salvage procedures and amputation

In exceptional cases, such as very poor bone status, seriously
ill patients, or at the request of the patient, salvage procedures
or amputation can be performed [1, 4].

Salvage procedures include resection with placement of a
spacer left in place indefinitely, the prosthesis is removed
(arthroplasty resection) and no new prosthesis placed
(Girdlestone) (Fig. 8), arthrodesis (Fig. 9), and implant reten-
tion with prolonged suppressive antibiotics. Arthrodesis can

Fig. 9 67-year old woman with failed two-stage replacement left ankle
arthroplasty (same patient as Fig. 2) due to prosthetic joint infection.
Anteroposterior (a) and lateral (b) ankle radiographs demonstrate ankle
and subtalar arthrodesis with a long stemmed retrograde hindfoot nail.
Observe the distal fibula osteotomy transfixed with plate and screws as
well as packing of the dorsal talar defect with bone graft
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Fig. 10 62-year-old woman with
failed left hip and knee
replacements status post multiple
failed revisions for prosthetic joint
infection. She had multiple
medical comorbidities including
rheumatoid arthritis and insulin-
dependent diabetes mellitus.
Anteroposterior left hip radio-
graph (a) demonstrates a fracture
of the hip prosthesis with
antibiotic-loaded acrylic cement.
Anteroposterior left knee radio-
graph (b) demonstrates loosening
of the tibial component of the
knee prosthesis seen as marked
lucency and osteolysis at the
cement-bone interface (on physi-
cal examination, a draining sinus
was present on the anterior aspect
of the patient’s distal thigh).
Anteroposterior left hip radio-
graph (¢) demonstrates above-
knee amputation. Coronal recon-
structed, contrast enhanced CT
scan of the left knee (d) demon-
strates an amputation stump ab-
scess (arrow)

be performed using either an intramedullary nail or external
fixation device. Antimicrobial therapy used alone unfortunate-
ly often results in a delay in appropriate surgical management
and is considered only for those who are unable to or unwill-
ing to undergo even a single surgical procedure. As a last
resort, in those who have failed all other treatment options or
who have life-threatening infections in which emergent source
control is required, amputation can be performed [1, 4, 6]
(Fig. 10).

The treatment strategy is ultimately dictated by the joint
efforts of the orthopedic surgeon, infectious disease specialist,
and the patient. As noted, algorithms may be used to optimize
treatment strategies, with the intent to identify those who may
be candidates for less invasive options such as DAIR or a one-
stage exchange, as opposed to a two-stage exchange [1].

Conclusion

As the use of arthroplasty increases, so does the absolute
number of PJIs. The radiologist plays an important role in
the diagnosis and management of PJIs, assisting with the in-
terpretation of radiographs which may exhibit features of in-
fection, providing image-guided joint aspiration to confirm
the presence of infection, and interpreting post-operative im-
aging that is acquired once surgical management for PJI has
been performed to evaluate for possible hardware-related
complications. The two-stage replacement arthroplasty is
commonly utilized in the management of PJIs, employing a
prosthesis with antibiotic-loaded acrylic cement. Familiarity
with this procedure and its complications is necessary for ac-
curate interpretation of associated imaging.
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