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diagnosis of PJI.

With a significant rise in the number of arthroplasty procedures performed worldwide, the increasing revision burden
posed by periprosthetic joint infection (PJI) is a matter of growing concern. In spite of various attempts to diagnose
PJI, there are no defined tests that can be called a gold standard. Given the importance of early diagnosis in PJl,

newer tests and biomarkers have been introduced to improve cumulative diagnostic accuracy. Novel biomarkers

like calprotectin, lipocalcin, monocyte-to-lymphocyte ratio, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio and platelet-to-mean platelet volume ratio have demonstrated a potential as diagnostic biomarkers for PJI. This
article discusses the relevance of available and newly described diagnostic biomarkers to provide a perspective on
the practical applicability in current medical practice, as well as highlights some recent advances in biomarkers for the
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Introduction

An increase in life expectancy and demand for improved
quality of life has resulted in a rise in the number of total
joint arthroplasty (TJA) procedures performed globally
[1, 2]. At the same time, improvements in perioperative
care have led to substantial reduction in the risk of infec-
tion. The European Centre for Disease Prevention and
Control’s (ECDC) surgical site infection (SSI) surveillance
network reported an infection rate of 0.5% for patients
undergoing knee replacement and a rate of 1% for those
undergoing total hip replacement, with considerable vari-
ation in rates between countries [3]. In the United States,
the cumulative incidences of infection were 0.5%, 0.8%,
and 1.4% at 1, 5, and 10 years, respectively, after primary
TJA [4].
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PJI is the second commonest cause of revision total
knee arthroplasty and the third leading cause for revision
total hip arthroplasty [5-7].

PJI was the underlying reason in 30.5% revision total
knee arthroplasties and 12% revision total hip arthroplas-
ties as reported by the Indian Joint Registry [8].

In spite of various attempts to diagnose PJI, there are
no defined tests that can be called a gold standard. Given
the importance for early diagnosis in PJI, newer tests and
biomarkers have been introduced to improve the cumu-
lative diagnostic accuracy.

Erythrocyte sedimentation rate (ESR), serum C-reac-
tive protein (CRP), synovial fluid cell counts and leu-
kocyte esterase are included in the ICM criteria.
Fibrinogen, procalcitonin, and D dimers have been used
as additional tools for better accuracy. Novel biomark-
ers, calprotectin, soluble Pe-Cam 1, lipocalcin, D-lactate,
monocyte-to-lymphocyte ratio, neutrophil-to-lympho-
cyte ratio and platelet-to-lymphocyte ratio have been
described recently and can serve as important tools for
PJI diagnosis.

In this review, we discuss the relevance of proven and
newly described diagnostic biomarkers and provide a
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perspective on their practical applicability in current
medical practice. In addition, we will also highlight some
of the recent advances in biomarkers for the diagnosis of
PJL

Materials and methods
The key words for literature search were total knee
replacement, total hip replacement, periprosthetic joint
infection, diagnostic test and biomarkers.
Original studies and meta-analyses on biomarkers in
PJI between 2011 and 2022 were included for this review.
Review articles not focused on diagnostic tests, non-
systematic reviews, systematic reviews without meta-
analysis and articles written in languages other than
English were excluded.

Diagnosis of PJI
Early diagnosis of acute and chronic PJI is key to provid-
ing effective management and reducing the morbidity
and mortality secondary to this complication. Over the
past few years, the definition of PJI has been described
by several organizations and societies. Of note, the Inter-
national Consensus Meeting (ICM) on musculoskeletal
infection first proposed its diagnostic criteria in 2013 and
subsequently updated it in 2018.

As per the 2013 (ICM) criteria, it was agreed that PJI
exists when [9]:

(1) Two positive periprosthetic cultures with pheno-
typically identical organisms (Major Criteria) or

Table 1 New scoring-based definition (2018)
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(2) A sinus tract communicating with the joint (Major
Criteria) or

(3) Presence of 3 out of 5 of the following criteria
(Minor):

a Elevated serum C-reactive protein (CRP) AND
erythrocyte sedimentation rate (ESR)

b A single positive culture

¢ Elevated synovial fluid white blood cell (WBC)
count or+ +change on leukocyte esterase test
strip

d Elevated synovial fluid polymorphonuclear neu-
trophil percentage (PMN%)

e Positive histological analysis of periprosthetic tis-
sue

A New scoring-based definition for periprosthetic joint
infection (PJI) is presented in Table 1 [10].

The sensitivity and specificity of the recent diagnostic
criteria are compared in the Table 2 [10].

Biomarkers in PJI

Biomarkers have been described by World Health Organ-
ization as “any substance, structure, or process that can
be measured in the body or its products and influence or
predict the incidence of outcome or disease” [11].

PJI causes activation of the innate immune system
and drives white blood cells (WBCs) to produce certain
substances in the serum as well as in the synovial fluid,
that can be measured. Furthermore, certain specific
gene expression signatures in the WBCs of the infected

Major criteria (at least one of the following)

Two positive cultures of the organism Infected

Sinus tract with evidence of communication to the joint or visualization of the prosthesis

Preoperative diagnosis Minor criteria Score Decision
Elevated CRP or D-Dimcr 2 >6 Infected
Elevated ESR 1 2-5 Possibly infected?

0-1 Not infected

Elevated synovial WBC or LE 3
Positive alpha-defensin 3
Elevated synovial PMN 2
Elevated synovial CRP 1

Intraoperative Inconclusive pre-op score or dry tap Score Decision
Preoperative score - >6 Infected

ab
Positive histology 3 4-5 Inconclusive
» <3 Not infected

Positive purulence 3
Single positive culture 2

@ For patients with inconclusive minor criteria, operative criteria can also be used to fulfill the definition for PJI

b Consider further molecular diagnostics such as next-generation sequencing
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Table 2 Sensitivity and specificity of various diagnostic criteria

Criteria Sensitivity Specificity
MSIS 2011 79.3% 99.5%
ICM 2013 86.9% 99.5%
ICM (revised) 2018 97.7% 99.5%

synovium have been exhibited using microarray tech-
niques and these resulted in the identification of several
biomarkers with diagnostic value in PJI [12].

Serum biomarkers

Erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP)

The ICM and AAOS (American Academy of Orthopae-
dic Surgeons) both recommend the use of ESR and CRP
as the first line of screening in the diagnosis of PJI. These
serum biomarkers have demonstrated a sensitivity of 91%
and specificity of 72% for ESR and a sensitivity 94% and
specificity of 74% for CRP [7, 13].

A significant drawback of both ESR and CRP is that
they are non-specific markers of systemic inflammation
and infection. Furthermore, the use of systemic antibi-
otics and immunomodulatory drugs has been shown to
reduce the levels of CRP and ESR [14]. In addition to this,
CRP levels are affected by immunomodulatory drugs and
diagnostic cut-offs have been shown to vary with organ-
ism type. This may explain the low sensitivity of CRP in
some of the recent literature.

ESR and CRP are usually elevated in the early post-
operative period. ESR and CRP can be elevated for up
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to six weeks and 2 weeks respectively after surgery. As
such, this timeline must be factored in when interpreting
their values [15]. This drawback mandated that ESR and
CRP should be used as minor criteria in the most recent
definition, and is significant only in the presence of other
minor criteria. Comparison of studies on ESR and CRP
are summarised in Tables 3 and 4.

Procalcitonin

PCT is thought to be stimulated by bacterial lipopolysac-
charides and may be a good indicator of bacterial infec-
tion [22]. A growing body of evidence has demonstrated
PCT to have high specificity (98%) but have a low sen-
sitivity (33%) for diagnosing PJI [23-25]. However, there
are no data to support the application of a universal
threshold for the diagnosis of PJI. Comparison of studies
on Procalcitonin are summarized in Table 5.

Interleukin-6
Interleukin 6 (IL-6) is a proinflammatory cytokine and
an acute phase reactant commonly released by mono-
cytes and macrophages. IL-6 has demonstrated promis-
ing results as a marker of inflammation following TJA
and may be helpful in the diagnosis of acute PJI [15, 26].
In one study, Bottner et al. showed that IL-6 had a sen-
sitivity of 95% and a specificity of 87% in the diagnosis
of PJI [23]. In addition to this, IL-6 also demonstrated
good sensitivity (80%) for PJI caused by low-virulent
organisms [27].

In a recent study, Huang et al. reported that the
combined sensitivity of CRP and IL-6 was 95% in the

Table 3 Comparison of the prior studies regarding serum C-reactive protein (CRP) in the diagnosis of periprosthetic joint infection

C-reactive protein Infection definition Cut-off Sensitivity Specificity
Qin et al, JoA, 2020 [16] MSIS 2014 7.5 81% 66%
Klim et al., Int Orthop, 2020 [17] MSIS 2011 10.3 90% 67%
Bin et al,, JoA, 2020 [18] MSIS 2011 493 94% 73%
Wu et al, JoA, 2020 [19] MSIS 2014 10.8 73% 95%
Yang et al,, Sci Rep, 2021 [20] ICM 2018 12.51 91% 83%

Table 4 Comparison of the prior studies regarding erythrocyte sedimentation rate in the diagnosis of periprosthetic joint infection

ESR Infection definition Cut-off Sensitivity Specificity
Qin et al, JoA, 2020 [16] MSIS 2014 41 64% 70%
Bin et al, JoA, 2020 [18] MSIS 2011 31 77% 97%
Wu et al,, JoA, 2020 [19] MSIS 2014 29 70% 92%
Huang et al,, Orthopaedic Surgery, 2021 [21]  MSIS 2014 30 81% 88%
Yang et al,, Sci Rep, 2021 [20] ICM 2018 36.5 70% 86%




Tripathi et al. Arthroplasty (2023) 5:41

Page 4 of 10

Table 5 Comparison of the prior studies regarding procalcitonin in the diagnosis of PJI

Procalcitonin Infection Definition

Cut-off (ng/mL) Sensitivity Specificity

Glehr et al, CORR, 2013 [25] MSIS 2011

Randau et al,, 2014 [24]

1 of the following criteria: (1) purulent synovial fluid or 1,700

leukocytes/L or 65% neutrophils in the joint aspirate (TKA) (3,600
leukocytes/L or 80% neutrophils (THA)), (2) histological confirmation of
PJI, (3) pathogens detected in sterile joint aspiration or in at least two
intraoperative tissue specimens, or (4) definitive signs of PJI clinically or

intraoperatively (e.g., sinus tract)

Klim et al,, Int Orthop, 2020 [17] MSIS 2011

0.35 90% 33%
0.75 48% 100%
046 13% 100%
0.1 40% 90%

diagnosis of PJI. This demonstrates a greater potential of
CRP and IL-6 detection as a screening test for PJI [28].

Serum IL-6 levels have also been shown to bear strong
correlation with PJI markers, and when combined with
synovial fluid WBC, demonstrated a sensitivity of 100%
and a specificity of 90% [29].

However, due to variations in currently proposed cut
offs, sensitivity and specificity, no recommendations are
currently available for IL-6 diagnostic threshold and, as
such, further studies are needed to ascertain the diagnos-
tic value of IL-6 for PJI. Comparison of studies on Inter-
leukin-6 are summarized in Table 6.

D-dimer

Apart from having utility in diagnosis of pulmonary
embolism and deep vein thrombosis, a number of studies
reported the role of D-dimer in diagnosis of PJI. Zhang
et al., in a meta-analysis, studied 9 original research
papers examining the utility of D-dimer in the diagnosis
of PJI [30]. The threshold of D-dimer in 4 of the studies
was 850 ng/mL and the pooled sensitivity and specificity

of D-dimer for PJI diagnosis were 0.82 (95% CI, 0.72—
0.89) and 0.73 (95%CI, 0.58—0.83). They concluded that
D-dimer has a good diagnostic accuracy for PJI, but its
specificity is not high [30]. On the other hand, a recent
study found that D-dimer outperformed CRP and ESR in
the diagnosis of PJI due to indolent organisms [31]. It is
widely believed that D-dimer should be used with other
conjunct investigations to increase the diagnostic perfor-
mance of the test [30]. The studies have shown a wider
variability in the threshold value, and a significant differ-
ence in results, depending on the sample type (serum or
plasma). As such, thresholds for PJI should be revisited
as per clinical scenario in order to improve the overall
accuracy of the test [32, 33]. Comparison of studies on
D-dimer are summarized in Table 7.

Fibrinogen

Fibrinogen influences the inflammation process by acti-
vating different immune cells and by inducing the synthe-
sis of proinflammatory cytokines, such as interleukin 6
and tumour necrosis factor [34].

Table 6 Comparison of the prior studies regarding Interleukin 6 in the diagnosis of PJI

IL-6 Infection definition Cut-off Sensitivity Specificity
(pg/mL)

Bottner et al., JBJS Br, 2007 [23] Based on findings of intraoperative 12 95% 87%
culture and histology

Glehr et al, CORR, 2013 [25] MSIS 2011 2.55 94% 53%

Ettinger et al, CID, 2015 [27] MSIS 2011 512 80% 88%

Klim et al., Int Orthop, 2020 [17] MSIS 2011 5.7 77% 70%

Table 7 Comparison of the prior studies regarding D-dimer in the diagnosis of periprosthetic joint infection

D-dimer Definition Cut-off levels Sensitivity Specificity

Pannu et al., JoA, 2020 [32] ICM 2013 850 96% 32%

Qin et al,, JoA, 2020 [16] MSIS 2014 1,170 93% 75%

Wu et al, JoA, 2020 [19] MSIS 2014 410 76% 67%

Grzelecki et al,, JoR 2021 [33] ICM 2018 850 33% 95.4%
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Recent studies showed that fibrinogen, when used with
ESR, could differentiate PJI from aseptic loosening. The
optimal cut-off for fibrinogen was 3.60 g/L. This study
supports the idea that fibrinogen is an adequate test to
aid in the diagnosis of PJI and is not inferior to CRP in
distinguishing PJI and aseptic loosening. Furthermore,
it is especially useful in the assessment of infection out-
comes after first-stage surgery. One study, demonstrated
that fibrinogen yielded a sensitivity of 79.25% and a spec-
ificity of 94.59% in this setting [18, 35].

With the current limited literature, it is safe to say that
the accuracy of fibrinogen test is not sufficient as a stan-
dalone test but should be performed in conjunction with
other tests. As such, fibrinogen should be employed as
an adjunct to ESR and CRP to rule out a diagnosis of PJI,
but, by no means, to confirm it. Comparison of studies
on fibrinogen are summarized in Table 8.

Synovial fluid biomarkers

Leukocyte esterase (LE)

Leukocyte esterase is an enzyme secreted by activated
neutrophils recruited to areas of infection.

LE strip test is a point of care test that can be per-
formed intraoperatively while using as little as 1 mL of
synovial fluid. The LE strip test was originally developed
for the identification of urinary tract infections and has
demonstrated its accuracy in the diagnosis of the PJI and
has been subsequently integrated into the ICM criteria
[13, 36, 37].
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The leukocyte esterase colorimetric strip test per-
formed by applying fluid to a reagent test strip has the
advantage of being quick, easy, cheap and reliable (Chem-
strip 7; Roche Diagnostics).

A potential disadvantage is the invalidation of the result
by blood contamination. However, in most cases, this can
be addressed by centrifugation prior to application of the
fluid [38].

LE strip test has also been found to successfully differ-
entiate between metal-on-metal failures and PJI [39].

Sensitivity and specificity of LE have been found to
be 81% and 97% in a 2016 meta-analysis [40] and LE
has been shown to have comparable accuracy to alpha
defensin [37].

Leukocyte esterase may, however, pose some problems
due to the colorimetric nature of the test. The optimal
cut-off is believed to be +2 for a high positive likelihood,
and+1 (trace) should be investigated further [41]. Even
with the above limitations, as reported by a number of
studies, leukocyte esterase test has an excellent diagnos-
tic reliability in the outpatient and the operating room
settings. Comparison of studies on Leukocyte esterase
are summarized in Table 9.

Alpha defensin

Human a-defensin is an antimicrobial peptide released
by neutrophils. a-defensin has been shown to work
directly and indirectly against bacterial and fungal
organisms [44].

Table 8 Comparison of prior studies regarding fibrinogen in the diagnosis of PJI

Fibrinogen Infection Definition Cut-Off Sensitivity Specificity
(mg/dL)

Wu et al,, JoA, 2020 [19] MSIS 2014 361 76% 86%

Huang et al,, Orthopaedic Surgery, 2021 [21] MSIS 2014 401 78% 88%

Yang et al,, Sci Rep, 2021 [20] ICM 2018 420 86% 90%

Huhu Wang et al., BMC Musculoskeletal MSIS 2013 382 78.48% 78.95%

Disorders [35]

Klim et al., Int Orthop, 2020 [17] MSIS 2011 515 94% 73%

Bin et al, JoA, 2020 [18] MSIS 2011 360 79% 95%

Table 9 Comparison of prior studies regarding leukocyte esterase in the diagnosis of PJI

Leukocyte esterase Infection definition Cut-off Sensitivity Specificity

Parvizi et al, 2011 [42] Own Institute® + + 80% 100%

Ruangsomboon et al,, 2017 [38] ICM Criteria ++ 94% 87%

Guenther et al,, 2014 [43] MSIS ++ 100% 96.5%

2 Own Institutional Criteria-(1) they presented with asinus tract or an open wound in communication with the joint, (2) purulence was encountered in the joint
intraoperatively, (3) cultures of fluid or tissue obtained from the joint preoperatively or intraoperatively tested positive for the presence of a pathogen, or (4) elevated
serum marker levels as well an elevated white blood-cell count and/or an abnormal differential cell count were observed
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The pooled diagnostic sensitivity and specificity of
a-defensin for PJI were 0.96 (95% CI, 0.87-0.99) and 0.95
(95% CI, 0.91-0.97), respectively [45].

In a recent study, the positive likelihood ratio and nega-
tive likelihood ratio of a-defensin were found to be 19.19
(95% confidence interval [CI], 9.72—-37.91) and 0.05 (95%
confidence interval [CI], 0.01-0.15), respectively. This
finding demonstrated that a positive (or negative) result
for a-defensin indicates a greatly increased (or decreased)
likelihood of infection in patients undergoing revision
surgery for failed hip knee or shoulder arthroplasty [45].
Both ELISA and Lateral flow technique showed a high
level of accuracy but the latter demonstrated greater sen-
sitivity [46].

The advantages of a-defensin, apart from the high
accuracy, lie in that antibiotic administration and site
of arthroplasty have no effect on the biomarkers while
maintaining the concentration and sensitivity [47, 48].

Nevertheless, false positivity has been noted in cases
of metallosis. Furthermore, although o-defensin was
previously believed to achieve superior accuracy in this
setting, a growing body of evidence has suggested that
a-defensin provided no additional advantage when com-
pared to conventional synovial biomarkers, such as WBC
and PMN% in the diagnosis of PJI [49]. Comparison of
recent studies on Alpha Defensin are summarized in
Table 10.

Synovial CRP and synovial white blood cell counts
Synovial CRP has been studied extensively for the diag-
nosis of acute and chronic PJI [54—56].

When used in conjunction with o-defensin, synovial
CRP has a high specificity and sensitivity [55].

However, the varying levels in the postoperative period
have made it challenging to determine a threshold for the
diagnosis of acute and chronic PJI [56].

Table 10 Comparison of the prior studies regarding Alpha
defensin in the diagnosis of periprosthetic joint infection

Alpha defensin Definition Method Sensitivity Specificity

Sigmund et al., MSIS Lateral Flow 69% 94%
2017 [47]

Gehrke et al,, 2018 MSIS Lateral Flow 92.1% 100%
[50]

Riccioetal, 2018 MSIS Lateral Flow 85% 97%
[51]

Kleiss et al, 2017 MSIS ELISA 78% 97%
[52]

Bonanzinga et al, MSIS ELISA 97% 97%
2017 [53]
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When reviewing previous studies, we noted differences
in the optimal cut-off value of synovial WBC count and
CRP level in diagnosing acute and chronic PJI.

Synovial WBC count and CRP level most suggestive
of chronic PJI were generally believed to be more than
1,700-3,000 cells/uL and 10 mg/L, respectively [57-59].

Notably, the optimal cut off value for diagnosing acute
PJI was higher than the values used for chronic PJI.

Yi et al. demonstrated that the optimal cut-off values
of the synovial WBC count and CRP level were 12,800
cells/uL and 93 mg/L, respectively, within 6 weeks
after primary total hip arthroplasty (THA) [60]. On the
other hand, Bedair et al. reported that the optimal cut-
off values of these parameters were 27,800 cells/uL and
95 mg/L, respectively, within 6 weeks after primary total
knee arthroplasty (TKA) [61].

It is well-recognized that synovial CRP is a highly use-
ful and predictive tool to diagnose infection in the acute
setting (1-3 weeks after operation) and the positive and
negative predictive values are significantly higher when
used in combination with synovial WBC counts [56].

Interleukin IL-18
IL-1p is a multifunctional and highly potent pro-inflam-
matory cytokine that is associated with bone resorption
in some inflammatory diseases [62]. Nicolas et al. found
that IL-1p played an important role in early control of the
bacterial burden in patients who had undergone primary
TJA [63]. This biomarker has since shown excellent utility
in the diagnosis of PJL

The threshold used in a recent 2021 study was 312.7 pg/
mL for diagnosing chronic PJI [64]. IL-1p is a biomarker
which is rarely used, but it may have utility in differenti-
ating aseptic loosening and chronic PJI.

Novel biomarkers

Soluble Pe Cam-1

This is an immunologically reactive molecule that is
shed from the surface of native T-cells upon activation.
Soluble Pe Cam-1 has been described to be significantly
higher in individuals with septic shock.

A novel study found the specificity to be 80% and sensi-
tivity 82%, when using a threshold value of 54.3 ng Solu-
ble Pe Cam-1/mL synovial fluid to define an infectious
status [65].

The need for immediate testing and storage at -80° for
delayed testing is reportedly a drawback [65].

This modality might have a role in the future in exclud-
ing PJI in patients with aseptic loosening.

Lipocalcin
Neutrophilic gelatinase-associated lipocalin (NGAL) is
bacteriostatic and secreted during bacterial infections by
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hepatocytes, renal tubular cells, and immune cells (neu-
trophils and macrophages in particular) [66, 67]. White
blood cell (WBC) count is an established and reliable
marker for PJI and lipocalcin is produced by the most
abundant WBC.

Deirmeingian et al. were the first to examine the role
of this marker in the diagnosis of PJI and demonstrated a
sensitivity and a specificity of 100% when using the MSIS
criteria as the gold standard [68]. Subsequently, Vergara
et al. found that lipocalcin had a sensitivity of 86% and a
specificity of 77% in the diagnosis of PJI [69]. However,
a universal diagnostic threshold for lipocalcin has yet to
be determined. In limited reports, the generalized WBC
count has been found to be more accurate than the more
specific lipocalcin [70].

Calprotectin

Calprotectin is an important pro-inflammatory factor of
the innate immune system that acts as an endogenous
damage-associated molecular pattern molecule via toll-
like receptor 4 activation [71].

The calprotectin synovial fluid test has demonstrated a
sensitivity of 100% (95% CI, 99.96—100) and a specificity
of 95% (95% CI, 89.4-100) for diagnosing PJI [72].

Many authors consider calprotectin to be a more sen-
sitive marker of disease activity in patients with rheu-
matoid disorders, when compared to conventional
inflammatory markers such as the ESR and CRP [73].

The concentration of synovial calprotectin potentially
reflects the number and activity of white blood cells in a
localized compartment [72]. ELISA has been used in the
two studies and has shown promising results. It has the
potential to be used as a rule-out test [74].

Additional work including multicentre studies is
needed to evaluate the performance of synovial calpro-
tectin test and to define its accuracy and its role in the
diagnosis of infected arthroplasty.

Synovial fluid D-lactate

More recently, D-lactate has been proposed as a new
point of care bio-marker. It is a substance produced by
the bacteria and may be the future of synovial fluid inves-
tigation [75, 76]. However, due to the high false positivity
rate of this test and variable cut-offs, depending on the
virulence of the organism, more research is needed prior
to widespread adoption [77].

Monocyte-to-lymphocyte ratio (MLR),
neutrophil-to-lymphocyte ratio (NLR)
The neutrophil-to-lymphocyte ratio and monocyte-to-
neutrophil ratio have been found useful in differentiating
between bacterial and viral infections and predicting out-
comes [78]. There were limited studies relating NLR and
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MLR to PJI Jiang et al. looked at the association between
NLR or MLR and PJI in septic arthritis patients under-
going THA to detect any occult infections and suggested
that NLR and MLR are unreliable biomarkers [79]. In a
preliminary study, Zhao et al. observed higher values of
NLR and MLR during the incubation period in the cases
of PJI, and suggested that it is potentially useful in early
postoperative infection [80]. These biomarkers, in com-
bination with plasma fibrinogen, ESR and CRP have
been shown to increase the diagnostic performance [81].
Although a recent meta-analysis on the aforementioned
ratios has shown a fair diagnostic value, it is not sug-
gested as a screening tool [82]. More studies are needed
to reach a consensus on these biomarkers.

Platelet-to-lymphocyte ratio(PLR), Platelet-to-mean platelet
Volume Ratio (PVR)
Blood platelets have been known for their roles in
mediating the body’s innate response to both acute and
chronic inflammation. Van der Lelie et al. reported an
increase in mean platelet volume (MPV) due to septice-
mia [83]. Many recent articles reported PLR and PVR as
markers for systemic inflammation [84-86], and proved
them to be an inexpensive alternative for PJI detection.
Paziuk et al. demonstrated the association between
PVR and PJI, and reported better outcomes when using
PVR in conjunction with ESR and CRP in predicting PJI,
rather than ESR or CRP alone [87]. These results were
corroborated by Tirumala et al. who observed the high-
est sensitivity of 87.7% for PVR at the optimal threshold
of 30.82, and a specificity of 82.5% at a threshold of 234.13
for PLR. They also suggest that both PLR and PVR, when
used with Musculoskeletal Infection Society thresholds
for serum biomarkers (ESR, CRP) and synovial biomark-
ers (WBC and PMN%), can achieve significantly higher
sensitivity and specificity rates for PJI at or above 97%. It
has been suggested that the combined diagnostic value
outperforms the combination of WBC and PMN% (aspi-
rate samples) in terms of sensitivity and specificity [88].
These biomarkers are promising and require more studies
for further validation.

Conclusion

Accurate preoperative diagnosis of PJI presents a chal-
lenge for clinicians, especially in the cases of low-viru-
lence organisms.

The serum parameters, in general, have insufficient
accuracy for diagnosing PJI due to false positivity in
patients with systemic inflammatory disorders, and auto-
immune diseases. Lower sensitivities can be explained
by improper immune response in patients with encapsu-
lated joint infection (forming bio-films) and those being
administrated systemic antibiotics.
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Currently, serum CRP, IL-6 and fibrinogen seem to
perform best in terms of accuracy among the presented
biomarkers. Although the accuracy is limited, we recom-
mend these three parameters in the preoperative diagno-
sis of PJI as suggestive criteria. However, results should be
interpreted with caution in the clinical practice. On the
other hand, synovial biomarkers are much more specific
and sensitive than their serum counterparts. Alpha defen-
sin and leukocyte esterase have proven their accuracy in
multiple studies in determining presence of infection. In
our experience, CRP, ESR, synovial CRP are all good pre-
dictors of PJI. Alpha-defensin and leukocyte esterase are
also useful diagnostic test with good applicability.

Abbreviations

ALP Aseptic loosening of prosthesis

PJI Periprosthetic joint infection

ECDC European Centre for Disease Prevention and Control’s
Ssl Surgical site infection

TIA Total joint arthroplasty
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