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QUESTION 2: Does the presence of both an erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) below the periprosthetic joint infection (PJI) thresholds rule out the diagnosis 
of a PJI?

RECOMMENDATION: Serum ESR and CRP levels below the threshold (as determined by the MusculoSkeletal Infection Society (MSIS) and Interna-
tional Consensus Meeting (ICM)) does not exclude the diagnosis of a PJI. Serum levels of ESR and CRP can be normal in some cases of PJI caused by 
slow-growing organisms.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

The diagnosis of PJI is one of the biggest challenges facing the ortho-
paedic community. There is no absolute test for diagnosis; hence, 
for a patient who is suspected to have a PJI, clinicians have to use a 
combination of tests. The fi rst defi nition for PJI was developed by the 
MSIS that was later modifi ed by the ICM on PJI in 2013. Based on this 
defi nition, the cutoff  for ESR was defi ned as >30 mm/hr and >10mg/L 
and for CRP (>100 mg/L for acute PJIs) [1]. According to the diagnostic 
guidelines of the American Academy of Orthopaedic Surgeons 
(AAOS), serum ESR and CRP are the fi rst line for screening patients 
who are suspected for PJI [2]. The document introducing the MSIS 
criteria for PJI explicitly stated that some of the diagnostic markers 
including ESR and CRP may be normal in the presence of PJI caused 
by slow-growing organisms that do not elicit physiological infl am-
mation such as Cutibacterium acnes (C. Acnes) [3–5]. 

McArthur et al. [6] reported a 4% incidence of PJI cases that 
were seronegative (negative ESR and CRP). Most of the patients 
in this study who had PJI were infected with slow growing organ-
isms including coagulase negative Staphylococcus, C. acnes and 
Corynebacterium. Three patients in their cohort were infected with 
virulent organisms; however, all had received antibiotics prior to 
their diagnostic workup. Nozdo et al. [7] reported that PJI cases with 
C. acnes induced a milder systemic response compared to methi-
cillin-sensitive Staphyloccous aureus (MSSA) and that high clinical 
suspicion and prolonged cultures were essential to diagnose PJI in 

these patients. In another study by Figa et al. [8], authors showed that 
C. acnes PJIs had below threshold values for ESR and CRP in over half 
their cohort.

Combined ESR and CRP are also often falsely negative. Johnson 
et al. [9] reported an 11.1% false negative rate for combined ESR and 
CRP when the MSIS criteria were considered for diagnosis. Authors 
concluded that this is due to an insuffi  cient infl ammatory response 
mounted by certain patients with PJI, leading to the muted sero-
logical levels. Other studies were in line with this fi nding: Saleh et 
al. [10] concluded that combined ESR and CRP increased the speci-
fi city at a cost of sensitivity. Shahi et al. [11] reported the sensitivity 
and specifi city of combined ESR and CRP to be 84 and 47%, respec-
tively. 

Administration of therapeutic antibiotics prior to diagnostic 
workups in PJI patients can also be a cause for falsely negative ESR 
and CRP. This can be an additional source of missed diagnosis of 
PJIs if only ESR and CRP are utilized for screening, as was shown in a 
study by Shahi et al. [12].

Diagnosis of acute PJI in the early postoperative period is also 
a challenge as these markers are usually elevated in this phase. 
Alijanipour et al. [13] did a retrospective study and investigated the 
suggested thresholds for serological markers. Authors concluded 
that a diff erent threshold should be used for evaluating patients 
in the early postoperative period. In another study by Yi et al. [14], 
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authors reported that the optimal cutoff  for diagnosing PJI in the 
early postoperative period should be higher than those that are 
traditionally used and recommended by the MSIS. 

In conclusion, although serum ESR and CRP are the fi rst line for 
screening PJI, a negative test result does not exclude the possibility of 
infection. Surgeons need to be cognizant of this fact and considering 
the huge burden of misdiagnosed PJIs, in presence of high clinical 
suspicion we recommend a comprehensive work up using combina-
tion of tests to refute or confi rm the possibility of infection.
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QUESTION 3: What is the diagnostic accuracy and threshold of D-dimer in the diagnosis of 
periprosthetic joint infections (PJIs)?

RECOMMENDATION: Recent literature supports the use of D-dimer as a serological marker for the diagnosis of PJIs. D-dimer has been shown to 
best perform at a threshold of 850 ng/mL. However, this threshold was determined internally from a cohort in a single institution study. Further 
studies are needed in order to validate this threshold or establish a more rigorous threshold. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 74%, Disagree: 16%, Abstain: 10% (Super Majority, Strong Consensus)

RATIONALE 

Serological markers are typically the fi rst line investigations in 
patients suspected of having PJIs [1]. Current practice as dictated by 
the American Academy of Orthopaedic Surgeons (AAOS) Clinical 
Practice Guidelines recommends the collection of blood for the 
measurement of serum erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP). These tests fall short on multiple accounts. 
These tests may be falsely elevated in patients with a systemic infl am-
matory state or some other extra-articular infection [2,3]. Secondly, 
ESR and CRP may produce a false negative result in patients infected 
with low virulence organisms such as Cutibacterium acnes (C. acnes) 
[4]. Lastly, ESR and CRP may be physiologically elevated in the early 
postoperative period following the index arthroplasty procedure, 
making it diffi  cult to interpret in the acute sett ing [5–7]. In light of 
these shortcomings, there is a clear need for alternative serological 
markers. 

D-dimer, a fi brin degradation product, is a ubiquitous test 
that has been used as a screening test in patients with a suspected 
pulmonary embolism [8–10]. In a study by Shahi et al. [11], a consec-
utive series of 143 revision arthroplasties undergoing surgery for 

both septic and aseptic failure had blood drawn preoperatively 
and sent to the lab for serum measurements of D-dimer, ESR and 
CRP. Using the MusculoSkeletal Infection Society (MSIS) defi ni-
tion of PJI [12] as a gold standard and a D-dimer threshold of 850 
ng/mL, D-dimer demonstrated a sensitivity and specifi city of 89% 
and 93%. ESR and CRP demonstrated sensitivities of 73% and 79%, 
and specifi cities of 78% and 80%, respectively. In another study by 
Lee et al, serial blood draws were performed at baseline, postopera-
tive days one, two, three and weeks two and six. Blood was sent for 
measurements of serum D-dimer, ESR and CRP [13]. Overall, ESR did 
not normalize until 6 weeks postoperatively while CRP remained 
elevated until 2 weeks after surgery. Serum D-dimer levels normal-
ized by postoperative day 2. Thus the advantages of D-dimer are 
twofold: superior sensitivity and specifi city, as well as a rapid 
decline to baseline levels following surgery, allowing for use in 
evaluation of a suspected acute PJI.

While it is clear that D-dimer outperformed both ESR and 
CRP at a threshold of 850 ng/mL, it is important to note that this 
threshold was calculated internally in order to maximize the 


