Section 2
lavage in order to improve the yield of aspiration. Newman et al.
reported that saline lavage predictably aﬀected the results of synovial cell counts and their diagnostic utility but has a less substantial
eﬀect on culture results [11].
In the absence of concrete evidence, with reliance on the available data from the hip and knee literature and taking into account
the simplicity of aspirating an ankle joint, we recommend that aspiration of the ankle with an antibiotic spacer be strongly considered
prior to reimplantation. The analysis of the aspirate ﬂuid, if obtained,
will provide valuable data that can inﬂuence the intended procedure
and the ultimate success and failure of reconstruction.
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QUESTION 7: Is there a role for measuring synovial biomarkers for diagnosis of infected total
ankle arthroplasty (TAA)?
RECOMMENDATION:

Based on the hip and knee arthroplasty literature, measuring synovial biomarkers may play a role in the diagnosis of
infected TAA. The diagnosis of periprosthetic joint infection (PJI) in the setting of a TAA can be conﬁrmed with cultures, provided that a plausible
pathogen is recovered in the context of a compatible clinical picture. In the absence of a positive culture, synovial biomarker analysis may help in
establishing the diagnosis.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 92%, Disagree: 8%, Abstain: 0% (Super Majority, Strong Consensus)
RATIONALE
TAA has emerged as a successful procedure, improving both pain
and function in patients with end-stage arthritis of the ankle,
with reported rates of infection ranging from 0 to 4.6% [1]. A
speciﬁc approach does not yet exist for the diagnosis of PJI in TAA.
However, the traditional approach for the diagnosis of PJI in other
joints involves joint aspiration and sampling of the synovial ﬂuid
for analysis involving synovial white blood cell (WBC) count and
diﬀerential ﬂuid culture, as well as serum WBC count, erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) levels [2,3].
Elevation of several synovial biomarkers has been identiﬁed as
indicators of potential PJI, including WBC count, percentage of polymorphonuclear cells (PMN%), α-defensin, leukocyte esterase (LE),
interleukin IL-1a, IL-1, IL-6, IL-8, IL-10, IL-17, granulocyte colony-stimulating factor (G-CSF), vascular endothelial growth factor (VEGF),
CRP, neutrophil elastase 2 (ELA-2), lactoferrin, neutrophil gelatinaseassociated lipocalin (NGAL), resistin, thrombospondin and bactericidal/permeability-increasing protein (BPI) [4–6].
Among the previously-mentioned synovial biomarkers, α-defensin is regarded as the most accurate single test for the diagnosis
of PJI, with a sensitivity of 97% and a speciﬁcity of 96% [5]. There-

fore, the accuracy of α-defensin is closest to the 2013 International
Consensus Meeting (ICM) criteria for the diagnosis of PJI [6]. Alphadefensin also appears to provide the most consistent results, regardless of the causative microorganism or its virulence. Its accuracy
even remains unaﬀected in the setting of antibiotic administration
to the patient prior to obtaining the synovial ﬂuid sample [4,5,7].
IL-8 has been shown to follow α-defensin in terms of performance,
while the accuracy of synovial ﬂuid culture has been shown to have
a sensitivity of 62% and speciﬁcity of 94% [5]. Synovial ﬂuid leukocyte
count (sensitivity of 89% and speciﬁcity of 86%) and PMN percentage
(sensitivity of 89% and speciﬁcity of 86%) both demonstrate accuracy in diagnosing PJI [5,6]. However, they are already part of the six
minor criteria for the diagnosis of PJI according to the ICM 2013 deﬁnition of PJI [6]. There is great controversy regarding the cutoﬀ point
used for the synovial leukocyte count and PMN percentage, which
prevents their use as stand-alone diagnostic tests [4,5,8–12].
LE, with a sensitivity of 77% and speciﬁcity of 95%, has the advantage of being inexpensive [5,13–16]. However, there is a level of subjectivity present with the interpretation of LE results, in addition to the
possibility of the presence of blood in the ﬂuid aﬀecting the results.
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The combination of two or more markers to detect PJI has been
studied. It has been shown that the combination of synovial ﬂuid
α-defensin and CRP provided a sensitivity of 97% and a speciﬁcity of
100% in diagnosing PJI [17]. The combined use of synovial CRP and
adenosine deaminase (ADA) improves the positive predictive value
[18]. A synovial ﬂuid CRP should be included in the synovial ﬂuid
analysis and correlated with other lab markers [17].
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QUESTION 8: What is the role of molecular techniques for detection of pathogen
deoxyribonucleic acid (DNA) (polymerase chain reaction (PCR) or next-generation sequencing)
in patients with infected total ankle arthroplasty (TAA)?
RECOMMENDATION: Molecular techniques, particularly next-generation sequencing and the Ibis T5000 technology, have the potential to be
used as an important adjunct in the diagnosis of bacterial infection following TAA, although suﬃcient clinical evidence is lacking.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
The culture of multiple periprosthetic tissue samples is currently
considered the gold standard for microbiological diagnosis of
periprosthetic joint infections (PJIs) [1]. However, bioﬁlm-associated
infections are not easily detected by culture-based methods and are
often resistant to conventional antimicrobial therapy. Therefore, it
seems imperative to promptly investigate and subsequently integrate molecular diagnostic techniques into the clinical practice for
the management of PJI [2].
The most common molecular techniques that have been used
to diagnose PJI are both based on PCR: speciﬁc PCR and broad-range
PCR [3]. Speciﬁc PCR targets a single bacterial species (e.g., Staphylococcus aureus) or a group of closely-related species (e.g., all staphylococcal species). These are typically considered real-time PCR assays.
Speciﬁc PCRs can be used in the diagnosis of any targeted pathogen
with extreme sensitivity, potentially detecting even a single copy
of the target DNA. This approach provides accurate results within

hours and has the advantage of singling out any organisms deemed
as signiﬁcant, thereby making contamination easier to control for, as
well as making quantiﬁcation possible [3].
Broad-range PCR, in contrast to speciﬁc PCR assays, provides
the opportunity to detect DNA from any pathogen rather than a
speciﬁc preset of expected pathogens. Almost all broad-range PCR
techniques utilized in diagnostic microbiology laboratories are
based on the gene coding for the small subunit of the bacterial
ribosome (16S rDNA). The main limitations of broad-range PCR
relate to inherent problems with contamination and sensitivity.
Contamination arises from bacterial DNA present in PCR reagents
or inadvertently introduced during the collection and handling of
the sample, particularly if additional ﬂuids are added to the culture
sample during transport or laboratory processing [4]. Unfortunately, these “contaminant” bacteria detected with broad-range
PCR are closely related to the microorganisms that cause low-grade

