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Abstract
Purpose of Review The goal of this review is to provide an up to date understanding of the utility and limitations of the current
tests utilized in the diagnosis of periprosthetic joint infection (PJI) in total knee and hip arthroplasty.
Recent Findings Despite the growth in literature surrounding PJI diagnosis, there remains challenges in establishing a diagnosis
of PJI. A combination of clinical, serum, and synovial tests and microbiologic and histologic examinations can yield a diagnosis
in the majority of cases. Novel molecular and imaging studies may be beneficial for indeterminant cases. A number of emerging
diagnostic tests have been proposed and may be incorporated into diagnostic algorithms in the future. Recently proposed
stepwise diagnostic algorithms have shown high sensitivity and specificity.
Summary The diagnosis of PJI remains challenging due to a lack of tests that can definitively rule out infection. Diagnosis and
investigations should occur in a stepwise fashion. There has been a plethora of new diagnostic tests introduced in attempts to
improve the accuracy of diagnostic algorithms. The definition and algorithms for the diagnoses of PJI will continue to evolve as
new techniques and tests are introduced.
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Introduction

Periprosthetic joint infection (PJI) is a devastating complica-
tion of total joint arthroplasty (TJA) surgery. Given that there
is no direct blood supply to the implant, antibiotics are rarely
sufficient to treat PJI [1]. The vast majority of cases require
one or more surgeries, and in rare cases can eventually
lead to amputation, disarticulation, and even death [2]. In
addition to the obvious personal burden of PJI on patients,
there is also a massive societal impact to be considered.
Cost of revision TJA secondary to infection is up to five
times higher than primary TJA [1, 3]. Infection is a lead-
ing cause of revision surgery, and the rate of revision

surgery in the USA is expected to increase by 43–182%
by 2030 [4]. Despite the fact that the rates of PJI are low
(1–2%), the overall global burden is massive and con-
tinues to grow [5, 6].

A challenging aspect of PJI management is prompt and
accurate diagnosis. Despite the growth in literature surround-
ing PJI diagnosis, there remains challenges in establishing a
diagnosis of PJI. Firstly, there is a lack of a gold standard
diagnostic test adopted by the literature [7]. The lack of a gold
standard has created inconsistent thresholds for the grow-
ing lists of diagnostic tests [8]. Secondly, no single test
exists in the literature that can reliably rule out infection.
Finally, patients presenting with a potential PJI represent
a heterogenous group with varying comorbidities, risk
factors, and clinical presentations. Both patient and infec-
tion variables may alter the accuracy and reliability of
diagnostic tests, making proposed diagnostic algorithms
challenging to implement. Comorbidities such as inflam-
matory arthropathy, rheumatoid arthritis, lupus, inflamma-
tory bowel disease, and malignancy are all known to have
elevated C-reactive protein level, which can cloud the
diagnostic accuracy of these tests.

The goal of this review is to provide an up to date under-
standing of the utility and limitations of the current tests uti-
lized in the diagnosis of PJI in total knee and hip arthroplasty.
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Clinical Presentation

Periprosthetic joint infection has a wide spectrum of clinical
presentation from new onset pain to fulminant sepsis [1].
Patients with acute PJI may present with ongoing postopera-
tive pain, continued surgical site drainage, or wound dehis-
cence. In the setting of chronic infection, patients often present
with long-standing joint pain and reduced range of motion
which is often indistinguishable from aseptic failures [1].
Although fever and surgical site erythema are highly specific
for infection, they lack sensitivity and their absence should not
be used to rule out PJI [9]. The only clinical signs widely
utilized as a diagnostic criterion are the presence of a draining
sinus communicating with the joint or exposed prosthesis
[10••, 11•].

Diagnostic Tests

When a patient presents with signs and symptoms suggestive
of PJI, orthopaedic surgeons are faced with the task of
selecting and interpreting a growing list of diagnostic tests.
Typically, diagnostic tests are performed in a stepwise fash-
ion, starting with non-invasive testing with high negative pre-
dictive values [12]. If preliminary tests are suggestive of
infection, more invasive testing in the form of joint aspi-
ration is generally undertaken. If findings from the syno-
vial fluid are suggestive or confirmatory for infection,
patients generally undergo revision TJA for definitive
management [13••]. Intraoperative tissue tests are utilized
to confirm diagnosis, isolate pathogens, and guide post-
operative management.

Serum

ESR and CRP

Serologic markers are routinely recommended as first-line
testing as they are readily available and have reportedly high
sensitivity in patients with suspected PJI [14, 15] (Table 1).
C-reactive protein (CRP) and erythrocyte sedimentation

rate (ESR) constitute the most commonly used serum tests.
For chronic PJI, the most widely accepted cutoff values for
CRP and ESR are 10mg/L and 30mg/L, respectively
[10••, 11•].

The utility of serum inflammatory markers in acute PJI is
challenging, given the slow and variable return to normal
values after surgery [16]. The current suggested cutoff for
CRP levels in suspected acute PJI (<90 days) is 100mg/L.
ESR levels demonstrate a variable course postoperatively,
and thus, no values have been suggested when diagnosing
PJI in the acute postoperative setting. Further studies are need-
ed to validate the utility and diagnostic value of serum inflam-
matory markers in acute PJI.

Despite the popularity of ESR and CRP in the initial diag-
nosis of PJI, they pose a number of limitations and should not
be used in isolation to diagnose or rule out a PJI [11•]. Firstly,
both biomarkers are a reflection of general inflammation and
can be elevated in a wide variety of non-infectious etiologies.
Secondly, these inflammatory markers may be normal in PJI
infected with low virulence organisms [17, 18].

IL-6

Interleukin-6 (IL-6) is a cytokine that is an immune response
regulator and is stimulated by monocytes and macrophages.
IL-6 may have utility in the diagnosis of PJI as serum levels
return back to normal (<10 pg/mL) 2–3 days following
TJA [19]. IL-6 has demonstrated excellent sensitivity and
specificity (0.875, 0.870) in the diagnosis of chronic PJI
and is able to differentiate between septic and aseptic
loosening [8, 20].

However, there are limitations that may preclude the use of
IL-6 in the current diagnostic algorithm of PJI. Firstly, there
are differing cutoff values cited in the literature and lack of
accepted threshold for PJI exists in the literature.
Secondly, serum IL-6 is a relatively expensive test com-
pared to other serum markers and is not as widely avail-
able. Given these limitations, IL-6 has not been included
in the most widely recognized algorithms in the diagnosis
of PJI [10••, 11•, 21].

Table 1 Serum markers

Test Acute (<90 days) cutoff Chronic cutoff Specificity/sensitivity (chronic) Limitations

CRP >100mg/L >10mg/L 0.813/0.845 Nonspecific finding, affected by comorbidities

ESR N/A >30mm/h 0.790/0.816 Nonspecific finding, affected by comorbidities

D-dimer [26] >860 ng/mL >860 ng/mL 0.76/0.88 Nonspecific finding, affected by comorbidities

IL-6 >6.6–12pg/mL 0.870/0.875 Lack of consistent cutoff values

Procalcitonin varies 0.893/0.580 Low sensitivity, lack of consistent cut off values

CRP C reactive protein; ESR erythrocyte sedimentation rate; IL-6 interleukin 6
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D-Dimer [22]

D-dimer is a specific degradation product of fibrin monomer
and is a specific marker of the fibrinolysis process [23]. D-
dimer was traditionally used as a screening test for the detec-
tion of venous thromboembolism [23]. Both systemic and
local infections result in fibrinolytic activity resulting in ele-
vated d-dimer levels. Given this, there has been considerable
interest in the utility of D-dimer as a diagnostic test in patients
with potential PJI [10••, 22]. Recent literature has demonstrat-
ed that D-dimer is significantly elevated in patients with PJI
compared to patients undergoing revision for aseptic failures
[22]. D-dimer was added to the 2018 updated algorithm by
Parvizi et al. as a minor criterion for diagnosis [10••]. Potential
advantages to D-dimer as a diagnostic tool is relatively rapid
normalization postoperatively [16]. When compared to serum
CRP and ESR, some studies have demonstrated improved
accuracy of D-dimer whereas others showed no difference
[22, 24].

However, the utility of D-dimer in the acute setting remains
untested and should be utilized with caution. Furthermore,
serum D-dimer is not a specific finding and can indicate the
presence of an unrelated inflammatory process.

Procalcitonin [25]

Procalcitonin is a protein produced by parafollicular cells of
the thyroid. Levels of serum procalcitonin increase with bac-
terial infections and have been found to be useful in the diag-
nosis of systemic infections [25]. In recent years, procalcitonin
has been investigated as a potential diagnostic marker for PJI.
Unfortunately, recent analysis has suggested that serum
procalcitonin has relatively poor sensitivity and cannot be
used to reliably rule out PJI [8].

Serum Ratios

There has been recent interest in evaluating the utility of al-
terations in the ratios of routinely collected laboratory values.
Neutrophil to lymphocyte (NLR), platelet to mean platelet
volume (PVR), and platelet to lymphocyte (PLR) ratios all
have prognostic value in other infectious and inflammatory
conditions. The potential benefit of serum ratios is that they
utilize readily available laboratory markers obtained from a
complete blood count [27].

Serum NLR has recently been investigated as a potential
biomarker for predicting both acute and chronic PJI. Zhao
et al. demonstrated that NLR was a better predictor of early
PJI compared to ESR and CRP [28]. Golge et al. reported on
the predictive value of NLR in the setting of chronic PJI and
found it to be a useful marker for infection [29]. Similarly,
both PVR and PLR have been shown to be of diagnostic value
in predicting PJI. Tirumala et al. demonstrated that PLR and

PVR, when used in combination with commonly available
serum and synovial markers, increase the sensitivity and spec-
ificity for PJI to greater than 97% [27]. Currently, the literature
regarding the predictive value of serum ratios for PJI is in its
infancy and more studies across different patient populations
are required to understand their utility.

Novel Serum Markers

There has been a growing interest in evaluating the oxidative
stress secondary to the inflammation created in the setting of
PJI [30]. Markers of oxidative stress called advanced
glycation end products have been investigated as diagnostic
tests for PJI. In particular, plasmastic soluble receptor for ad-
vanced glycation end products, thiobarbituric acid reactive
substance, and toll-like receptor 2 are serummarkers that have
been evaluated [30, 31]. However, the current literature is
experimental in nature and further clinical research is required
before these tests are adopted into practice.

Synovial Fluid

Obtaining synovial fluid is generally the next step in the diag-
nosis of PJI when clinical findings and serum markers are
suggestive of a potential infection. Synovial fluid analysis
remains a cornerstone of the diagnostic algorithm and histor-
ically included evaluation of synovial fluid leukocyte count,
polymorphonuclear leukocyte percentage (PMN %), gram
stain, and culture (Table 2). In addition to synovial fluid cy-
tology and microbiology evaluation, several biomarkers have
been developed to aid in the diagnosis of PJI [32].

WBC and PMN%

Synovial white blood cell counts collected from synovial fluid
cytology are included in all widely major definitions of PJI
[10••, 11•, 33]. The suggested cutoffs for chronic PJI in the
literature range from >1500 to >4000, with the most common-
ly utilized cutoff being >3000 and 65–80% PMNs [10••, 11•].
For acute PJI occurring within 90 days of the index surgery,
cell counts of 10,000 with >90% PMNs have been suggested
[10••].

It is important to note that although single cutoff values
have been created for simplicity, there are several variables
that may influence the synovial fluid cytology. The use of
antibiotics prior to joint aspiration is common and is associat-
ed with lower WBC counts and PMN% [34]. Other patient-
specific factors including frank puss, metal on metal
arthroplasty, and small volume aspirations can alter the accu-
racy of synovial cytology results [35].
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Alpha-Defensin

Alpha-defensin is a relatively new synovial fluid biomarker
and has been added to the 2018 revised MSIS diagnostic al-
gorithm [10••]. Alpha-defensin is an antimicrobial peptide re-
leased from neutrophils and disrupts pathogen cell membranes
[36]. Alpha-defensin can be measured quantitatively utilizing
enzyme-linked immunosorbent assay (ELISA) or qualitative-
ly with a lateral flow cassette. Laboratory-based ELISA test-
ing has demonstrated excellent diagnostic accuracy with cal-
culated sensitivities and specificities of 96.8% and 96.7%,
respectively [8]. Importantly, the qualitative lateral flow anal-
ysis of alpha-defensin has significantly lower performance
compared to laboratory testing [36].

Alpha-defensin testing has some unique advantages over
other synovial fluid markers of infection. Firstly, alpha-
defensin appears to maintain its diagnostic accuracy even with
antibiotic treatment [37]. Unlike other synovial test, it remains
accurate even with blood contamination [38•]. Finally, it re-
mains sensitive in the setting of a wide spectrum of pathogens
including organisms with low virulence [39].

However, quantitative laboratory testing of alpha-defensin
is still not available universally, and lateral flow kits remain
expensive [40]. Additionally, the use of alpha-defensin may
not be warranted in the routine workup of PJI as it has not
been shown to improve the diagnostic accuracy when added
to readily available serum and synovial tests [40]. There are
some limitations to the utility of alpha-defensin, as non-
infectious conditions including inflammatory disorders and
metallosis can cause false-positive results [41, 42].

Leukocyte Esterase Reagent

Leukocyte esterase is an enzyme that is found in activated
PMNs and is found in a variety of infected bodily fluids and
is commonly used in the diagnosis of urinary tract infections

[43]. Leukocyte esterase reagent (LER) strips are point of care
testing diagnostic tests that have been utilized in the diagnosis
of PJI [44]. When the reagent strip comes into contact with
neutrophils in the synovial fluid, they lyse and subse-
quently release leukocyte esterase which causes a color
change on the strip. The more neutrophils present, the
more intense colour change that occurs, making this a
semi-quantitative test [43]. Advocates of LER testing cite
the low cost and universal availability and the rapid, point
of care results [44, 45].

The LER strip is a qualitative analysis and is generally
considered positive for infection if the strip is grade + or ++.
A positive LER graded ++ is more sensitive and specific and
is the accepted cutoff in most diagnostic algorithms [8, 10••].
Limitations of LER testing include poor performance with
bloody aspirations and the diagnostic utility in the setting of
indeterminant results (1+) [45].

Synovial CRP

Synovial CRP represents another novel synovial fluid bio-
marker that has shown promise in the diagnosis of PJI [46].
Given that CRP activates the complement system to dispose
of dying cells, it would be reasonable to expect that
levels are higher in the area of the inflammatory/
infectious process (i.e., the joint). Synovial CRP has
been successfully utilized to differentiate between in-
flammatory and non-inflammatory causes of arthritis in
native knees [47]. Several independent studies have dem-
onstrated the high sensitivity and specificity in diagnosing
PJI in both knee and hip arthroplasty [46, 48–50]. Given
these findings, elevated synovial CRP (>6.9mg/L) has
been included in the recent MSIS diagnostic algorithm
[10••]. However, a number of questions still remain in-
cluding the impact of prior antibiotics, medical comorbid-
ities, and optimal cutoff values.

Table 2 Synovial markers

Test Acute (<90 days)
cutoff

Chronic
cutoff

Specificity/sensitivity
(chronic)

Limitations

WBC count (cells >10,000 >3,000 0.897/0.416 Altered with antibiotic use, medical comorbidities

% PMNs 90% 80% 0.878/0.907 Variable cutoff values used. Affected by antibiotics

Alpha-defensin, ELISA
(signal to-cutoff ratio)

1.0 1.0 0.968/0.967 False positives in metallosis, inflammatory conditions.
Expensive

Alpha-defensin, lateral flow + + 0.955/0.821 Qualitative analysis

LER strips 2+ 0.971/0.930 Poor performance with bloody synovial fluid

CRP (mg/L) >6.9 >6.9 0.933/0.888

D-lactate (mmol/L) >1.3 0.808/0.864 Lack of available data

CRP C-reactive protein; PMNs polymorphonuclear; LER leukocyte esterase, WBC white blood cell

CRP C-reactive protein; PMNs polymorphonuclear; LER leukocyte esterase; WBC white blood cell
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Calprotectin

Calprotectin is a protein that is released from activated
granulocytes and macrophages during inflammation [51]. It
has been utilized in the diagnosis of other inflammatory and
infectious etiologies including inflammatory bowel disease
and spontaneous bacterial peritonitis [52, 53]. Recently,
calprotectin has been a synovial biomarker of interest in the
diagnosis of PJI [54]. Early results have demonstrated high
sensitivity and specificity and is not affected by prior antibi-
otic use [51, 54]. Larger studies examining its efficacy across
a range of organisms and patients are needed before synovial
calprotectin can be considered as a first line diagnostic test
[11•].

D-lactate

D-lactate is a form of lactate produced by bacteria and has
been used as a marker to diagnose various bacterial infec-
tions elsewhere in the body [55]. Recently, synovial d-
lactate has been investigated as a potential marker and
diagnostic tool in evaluating for PJI [56, 57]. The poten-
tial utility of d-lactate is that, unlike other markers, it is a
pathogen-specific marker that is only elevated in the pres-
ence of bacteria. The current literature suggests that d-
lactate has a comparable diagnostic efficacy to synovial
leukocyte counts [57].

Microbiology and Histology

The identification of a causative microorganism in the man-
agement if PJI is critical to tailor appropriate antibiotics, long-
term treatment, and prognosis of these patients [58].
Historically, this was done through synovial fluid culture pre-
operatively and intraoperative tissue samples. These methods
have shown poor sensitivity and new diagnostic methods have
been developed to improve the identification of microorgan-
isms in the setting of PJI (Table 3).

Synovial Fluid Culture

The utilization of synovial fluid aerobic and anaerobic bacte-
rial cultures are included in the most widely available diag-
nostic algorithms [10••, 11•, 33]. As mentioned, the sensitivity
of preoperative synovial fluid culture in chronic infections is
low and cannot be relied upon to rule out PJI [8]. The use of
antibiotics prior to joint aspiration is a risk factor culture-
negative PJI and antibiotics should ideally be held until joint
aspiration is performed [33]. In the setting of chronic PJI in
otherwise stable patients, antibiotics should ideally be held for
2 weeks prior to aspiration [59]. Despite these limitations,
synovial fluid cultures should be included in the preoperative
workup for PJI as positive cultures provide invaluable
information.

Intraoperative Tissue Cultures

Obtaining periprosthetic tissue cultures remain the corner-
stone of definitively diagnosing and managing PJI [10••, 11•,
33]. Periprosthetic tissue cultures have superior diagnostic
sensitivity and specificity compared to those taken from syno-
vial fluid aspirations. However, the rates of culture-negative
PJI ranges from 7 to 12% [58]. Preoperative antibiotic use,
culture techniques, and use of bacteriostatic compounds have
all been implicated in culture-negative PJI [58]. A number of
clinical recommendations have been made to maximize the
utility of intraoperative cultures.

Similar to synovial aspiration culture, it has been recom-
mended to refrain from antibiotic therapy for two weeks prior
to obtaining culture [59]. Multiple independent cultures
should be obtained from deep regions of the joint [58]. The
intramedullary canal and prosthesis-bone interface are consid-
ered high-yield areas. Samples should be obtained using sep-
arate instruments and transferred immediately to sterile trans-
port bottles without coming into contact with drapes or gloves
[11•]. Tissue samples should be obtained prior to irrigation of
the wound. The optimal number of required samples and the
incubation periods depends on the isolated organisms.
Recent evidence suggests that at least 5 distinct

Table 3 Tissue and molecular tests

Test Diagnostic criteria Specificity/sensitivity (chronic) Limitations

Histologic analysis >5 PMNs/HPF 0.956/0.766 Altered with antibiotic use, medical comorbidities

Synovial fluid culture Organism identification 0.964/0.686 Reduced utility with antibiotics

Intraop tissue culture Organism identification 0.975/0.729 Reduced utility with antibiotics

Sonication (colony-forming units/mL) >5–100 0.950/0.80 Variable cutoffs

PCR Organism identification 0.953/0.665 Detects a limited number of organisms

NGS Organism identification Unclear cost-effectiveness

PMNs polymorphonuclear; HPF high-powered field; PCR polymerase chain reaction; NGS next-generation sequencing
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intraoperative tissue samples should be obtained to max-
imize the yield for positive cultures [60]. Organisms
should be cultured for 14 days to account for slow-
growing organisms such as Propionibacterium acnes
[60].

A single positive culture remains a diagnostic dilemma and
should be taken into consideration alongside other findings
when making a diagnosis [10••]. When virulent or uncommon
contaminants are isolated, it is more suggestive of an under-
lying infection. When common contaminants are isolated, in-
fection cannot be confirmed but further investigations should
be performed [11•].

Histology

Histologic examination of tissue obtained preoperative or in-
traoperatively is a useful tool to diagnose PJI. The presence of
acute inflammatory cells (neutrophils), within the tissue, is
specific for PJI [8]. As with obtaining tissue for culture, it is
important to obtain several deep tissue samples as the inflam-
matory process is not uniform throughout the joint. The sam-
ples should be evaluated for the presence of neutrophils under
high-powered fields. The most common diagnostic criteria are
the presence of five or more neutrophils in five different high-
powered (×400 magnification) fields [10••, 11•]. As with cul-
tures, histology has a lower sensitivity than specificity and
should not be used to rule out infection as a stand-alone test
[8].

Sonication

In chronic PJI, microorganisms often exist within a biofilm on
the surface of the implant, making organism isolation chal-
lenging in traditional tissue cultures [61]. Sonication in the
setting of PJI refers to the application of an ultrasound bath
in attempts to remove the biofilm from the explanted prosthet-
ic implants [59]. Sonication has been shown to disrupt the
biofilm but preserve microbial viability in PJI [62]. The son-
ication fluid is then cultured in a similar fashion to tissue
cultures taken at the time of surgery. There is a growing body
of evidence that sonication increases the likelihood of isolat-
ing a causative organism compared to traditional intraopera-
tive tissue cultures [59, 63]. Although any positive cultures
should be suspicious for infection, 20–100 colony-forming
units/mL (CFU/mL) is considered diagnostic [59, 64•].
Sonication is limited by its lack of widespread availability.

Bead Mill Processing [65]

Bead mill processing of intraoperative bone samples is a rel-
atively simple technique utilized to improve the sensitivity of
sample cultures [66]. Intraoperative bone fragments are added
to a solution of fluid and beads and then “agitated” before

being cultured. No comparative studies have been performed
but a prospective cohort study reported 90% sensitivity for
intraoperative cultures after bead mill processing [65].

Chemical Dislodgement [67]

An alternative to mechanical disruption of biofilms is chemi-
cal dislodgement utilizing DL-dithiothreitol (DTT) [67]. DTT
has the ability to change the extracellular biofilm matrix
allowing for release of bacteria [68]. Unlike sonication and
bead mill processing, DTT does not require specialized labo-
ratory equipment. Recent literature has demonstrated high
sensitivity of intraoperative cultures after chemical dislodge-
ment in previously culture-negative PJI [67].

Molecular Testing

Polymerase Chain Reactions [69]

Given the aforementioned limitations associated with culture
diagnosis of PJI, there has been significant interest in culture-
independent molecular technologies to identify microorgan-
isms. Traditional molecular testing consisted of polymerase
chain which demonstrated improved sensitivity in culture-
negative PJI [70]. However, PCR is limited in that it utilizes
a specific primer and can only detect a single microorganism
[71]. Although multiplex PCR assays that utilize several
primers, such as 16S rRNA, have been developed, they have
demonstrated a low sensitivity and lack advantages over tissue
cultures [72].

Next-Generation Sequencing

Next-generation sequencing (NGS) allows for sequencing of
all DNA present within a sample, avoiding the limitations of
previous molecular techniques such as PCR. Next-generation
sequencing can be performed rapidly, which allows for tai-
lored treatment and mitigates the need for prolonged cultures.
It has been shown to identify causative organisms in otherwise
culture-negative PJI [73]. However, the literature is contradic-
tory on the value of NGS and the cost-effectiveness when
compared to traditional methods is unknown [74].

Nuclear Medicine

Bone Scintigraphy

The role of nuclear medicine in the diagnosis of PJI is evolv-
ing. Three-phase bone scintigraphy the classic nuclear medi-
cine scan is used in the skeletal system and is highly sensitive
to bone remodeling [75]. Due to normal remodeling that oc-
curs postoperatively, it has been recommended that three-
bone scintigraphy becomes more reliable 2 years after THA

224 Current Reviews in Musculoskeletal Medicine (2022) 15:219–229



or 5 years after TKA [11•]. The benefit of bone scintigraphy is
its high specificity and low false-positive rates [76]. In the
setting of a positive three-phase bone scan, the addition of a
WBC scintigraphy increases the sensitivity and specificity
for PJI [77]. Given the false-positives associated with
three-bone scintigraphy, it has been recommended to pro-
ceed directly to WBC scintigraphy within the first 2 years
of the index surgery. Finally, the combination of WBC
scintigraphy and bone marrow scintigraphy has been ad-
vocated for as it increases the detection of PJI by reducing
false-positive rates [77].

FDG PET [78]

Fluorodeoxyglucose (FDG) positron emission tomography
PET is a nuclear medicine scan that provides high-resolution
images. FDG PET has advantages over bone scintigraphy
as it is non-invasive and can be performed quickly.
Currently, there are conflicting criteria and published di-
agnostic accuracy for diagnosing PJI in the literature [76].
Given the sensitive nature of PET scans, they have a pro-
pensity for false positives, particularly in the setting of
aseptic loosening [78]. Given this sensitive nature of the
scan, it has a high negative predictive value and may
effectively rule out PJI [76].

Definitions of Periprosthetic Joint Infection

One of the challenges in diagnosing PJI is the lack of stan-
dardized diagnostic criteria. Although many attempts at a uni-
versal diagnostic algorithm have been made, there is no con-
sensus as to the optimal definition. The advent of new diag-
nostic tests has led to new proposed definitions and
algorithms.

Musculoskeletal Infection Society

The most widely utilized contemporary definition both clini-
cally and in the literature is the Musculoskeletal Infection
Society (MSIS) definition first introduced in 2011 (Table 4)
[79]. The MSIS criteria consist of 2 major criteria and 6 minor
criteria with patients requiring 1 major criterion or 4 minor
criteria for a diagnosis of PJI. The criteria have been validated
on an external cohort of patients and demonstrated a sensitiv-
ity of 79.3% [10••].

In 2018, with the advent of newly available diagnostic
tests, Parzivi et al. proposedmodifications of theMSIS criteria
(Table 5) [10••]. The group utilized a cohort of patients and
applied a range of diagnostic tests, applying a multivariable
stepwise regression analysis to evaluate the relative impor-
tance and weight of each diagnostic test. Based on these re-
sults, tests were given a score and cutoffs were created to
diagnose infection. Notably, serum D-dimer, synovial CRP,

and synovial alpha-defensin were added to the updated criteria
[79]. Additionally, a scoring system was created for intraop-
erative diagnosis of PJI in the setting of an inconclusive pre-
operative score or dry aspiration preoperatively. This revised
definition was validated on a cohort of patients and was found
to have a sensitivity and specificity of 97.7% and 99.5%,
respectively [10••].

The European Bone and Joint Infection Society (EBJIS)
recently developed a newly proposed definition of PJI [11•].
They note that it is not practical to have a binary definition,
infected or not, given that no current test can definitively ex-
clude infection. Given this, a three-step definition was devel-
oped; infection unlikely, infection likely, and infection
confirmed. They utilize clinical, serum, synovial fluid, and
microbiology diagnostic tests at each step to determine the
likelihood of infection. Patients who fall into the infection
likely category should undergo further comprehensive testing
to assess for infection. The EBJIS 2021 definition has yet to be
validated on a cohort of patients.

Proposed Algorithms

Although the aforementioned definitions are important, a step-
wise diagnostic algorithm is useful to apply to patients in the
clinical setting. There have been several proposed algorithms
with varying degrees of diagnostic accuracy [12, 13••]. Shohat
et al. [13••] developed a stepwise clinical algorithm based on
the revised 2018 MSIS definition (Fig. 1). They applied the
algorithm to a multi-centered cohort of patients and demon-
strated high sensitivity (96.6%) and specificity (99.5%). The
cohort of patients included low virulent infections and patients
who were culture negative, improving the clinical

Table 4 2011 MSIS criteria for periprosthetic joint infection

Major criteria (at least 1)

1. Sinus tract communicating with prosthesis

2. Pathogen is isolated by culture from 2 separate tissue or fluid samples
obtained from affected joint

OR

Minor criteria (4 of the following 6)

1. Elevated ESR or CRP

2. Elevated synovial fluid WBC count

3. Elevated synovial neutrophil percentage

4. Presence of purulence in the affected joint

5. Isolation of a microorganism in one culture of periprosthetic tissue or
fluid

6. Greater than five neutrophils per high-power field in five high-power
fields observed from histologic analysis of periprosthetic tissue at
x400 magnification

Adapted from Parvizi et al. (2011)

MSISMusculoskeletal Infection Society; ESR erythrocyte sedimentation
rate; WBC white blood cell

225Current Reviews in Musculoskeletal Medicine (2022) 15:219–229



applicability. This algorithm demonstrated that the relatively
expensive alpha-defensin test did not provide added diagnos-
tic benefit in routine diagnostic tests. The easy to apply step-
wise approach, reliance on commonly available laboratory
tests, and the high diagnostic accuracy of this algorithm make
it widely clinical applicable.

Conclusions

This review provides an up to date synopsis of the currently
available diagnostic tests utilized in the diagnosis of PJI. The
diagnosis of PJI remains challenging due to a lack of tests that
can definitively rule out infection. Diagnosis and

Table 5 Revised 2018 MSIS
criteria for periprosthetic joint
infection by Parvizi et al.

Major criteria Decision

1. Sinus tract communicating with the joint or visualization of prosthesis

2. Two positive cultures of the same organism

Infected

Minor criteria Score

1. Elevated serum CRP or D-Dimer 2

2. Elevated serum ESR 1 ≥6 = infected

3. Elevated synovial WBC count or LE 3 2–5 = possibly infected

4. + Alpha-defensin 3 0–1 = not infected

5. Elevated synovial PMN (%) 2

6. Elevated synovial CRP 1

Inconclusive pre-op score or dry tap Score

1. Preoperative score - ≥6 = infected

2. Positive Histology 3 4–5 = Inconclusive*

3. Positive purulence 3 ≤3 = not infected

4. Single positive culture 2

Adapted from Parvizi et al. (2018)

MSIS Musculoskeletal Infection Society; ESR erythrocyte sedimentation rate; WBC white blood cell; LE leuko-
cyte esterase; PMN polymorphonuclear

Fig. 1 Stepwise clinical algorithm adapted from Shohat et al. (2019)
based on the revised 2018 MSIS criteria proposed by Parvizi et al.
(2018). Shohat N, Tan TL, Della Valle CJ, Calkins TE, George J,

Higuera C, et al. Development and validation of an evidence-based
algorithm for diagnosing periprosthetic joint infection. The Journal of
Arthroplasty. 2019;34:2730-2736.e1
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investigations should occur in a stepwise fashion. There has
been a plethora of new diagnostic tests introduced in attempts
to improve the accuracy of diagnostic algorithms. The defini-
tion and algorithms for the diagnoses of PJI will continue to
evolve as new techniques and tests are introduced.
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