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QUESTION 3: Do bone cultures provide additional diagnostic accuracy in the diagnosis of 
periprosthetic joint infections (PJIs)?

RECOMMENDATION: Inconclusive. We cannot recommend for or against bone biopsy to provide additional diagnostic accuracy in the diagnosis 
of PJIs.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 90%, Disagree: 5%, Abstain: 5% (Super Majority, Strong Consensus)

RATIONALE 

Use of traditional culture remains the preferred method for isolation 
of the infecting organism(s) in PJIs. It is reasonable to assume that 
increasing the number of samples and taking culture from “repre-
sentative areas of infection” enhances the yield of culture in isolating 
the infective organism. Current data supports obtaining synovial 
fl uid and tissue samples for culture, with studies showing tissue to 
have a bett er yield than synovial fl uid and is preferred over swabs 
[1,2]. Whether the tissue culture should include bone also has not 
been well studied. In general, multiple samples improve diagnostic 
accuracy [3]. Most data supports obtaining at least three distinct and 
as many as six intraoperative samples for culture [2,4]. The site of 
specimen retrieval includes the synovium, as well as tissue from the 
femur and tibia in the knee or the femur and the acetabulum in the 
hip. In addition to traditional cultures, sonication of implants has 
been shown to possibly increase chance of identifying the organism 
[5-7].

Only one study addresses the role of utilizing bone biopsy in the 
detection of infection in joint arthroplasty. In a prospective cohort 
study, Larsen et al. [8] assess the contribution of diff erent specimen 

types in detecting PJI. It was found that bone biopsy did not provide 
any additional information and did not contribute independently to 
the diagnosis of infection. The bone biopsy was obtained from bone 
in contact with the prosthesis. Only 9 of 32 samples (28%) resulted in 
a positive culture after 6 days. This increased to 13 of 32 at 14 days. This 
was considerably less than soft tissue biopsies which resulted in 37 
of 42 (88%) positive cultures. There were no cases where bone biopsy 
yielded a positive culture independent of soft tissue biopsy. This 
resulted in a negative likelihood ratio of 0.6 (95% confi dence interval 
(CI), 0.5-0.8) which only slightly decreases the probability of infec-
tion with a negative result. This study found the optimal specimen 
set for diagnosis of periprosthetic joint infection included joint 
fl uid, prosthetic component and fi ve soft tissue biopsies [8]. 

Other studies have assessed the role of bone biopsy in detecting 
osteomyelitis and septic arthritis. Bone biopsy in osteomyelitis was 
found to have signifi cantly improved sensitivity, specifi city and 
predictive value in determining the etiological organism when 
compared to sinus tract biopsy [9] and soft-tissue and deep wound 
biopsy [10]. In the sett ing of septic arthritis, sampling of the ileum 
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and proximal femur resulted in signifi cantly increased positive 
culture rates when compared to aspiration of synovial fl uid alone 
[11]. However, it is diffi  cult to extrapolate these fi ndings to assume 
that obtaining a bone sample in a patient with PJI is likely to increase 
the yield of culture. In the absence of adequate data, we have 
refrained from recommending that bone samples for culture should 
be taken routinely in patients with PJIs. 
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QUESTION 4: Is there a role for obtaining cultures before, and at the time of, insertion of 
prosthesis during second stage (reimplantation) of a two-stage exchange arthroplasty?

RECOMMENDATION: Preoperative aspiration of a joint should be determined based on the index of suspicion for persistent infection. During 
reimplantation, however, multiple fl uid and tissue samples should be sent for culture. There is a direct correlation between the outcome of two-
stage exchange arthroplasty and culture results during reimplantation. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 95%, Disagree: 4%, Abstain: 1% (Unanimous, Strongest Consensus)

RATIONALE 

Two-stage exchange arthroplasty consists of removal of the infected 
prosthesis in the fi rst stage, usually replacing it by an antibiotic-
loaded cement spacer and treatment with systemic antibiotics. 
Once the infection is thought to be under control, the second-stage 
of reimplantation is performed. The metrics that determine the 
optimal timing of reimplantation are not known. However, many 
surgeons rely on a combination of metrics that may include aspi-
ration of the joint prior to reimplantation. The exact role of preop-
erative joint aspiration prior to reimplantation remains undefi ned. 
Furthermore, there is also no specifi c test to determine if the infec-
tion has or has not been controlled. 

Although aspiration of a joint is critical for the diagnosis of 
periprosthetic joint infections (PJIs) [1], it is not obvious if culture 
of synovial fl uid with a polymethyl methacrylate (PMMA) spacer in 
place before reimplantation is helpful for the diagnosis of persistent 
infection [2]. In fact, it has been demonstrated that aspiration for 
microbial culture before the second stage has a low sensitivity for 
predicting infection [3–6]. Lonner et al. investigated the role of knee 
aspiration for detection of persistent infection before reimplanta-
tion and after cessation of a four- to eight- week course of antibiotics. 
They found that knee aspiration performed after resection arthro-
plasty had a sensitivity of zero, a positive predictive value (PPV) of 

zero, a negative predictive value (NPV) of 75% and a specifi city of 
92% [6]. Janz et al. studied the diagnostic performance of synovial 
aspiration in resected hips without a PMMA spacer, for detection 
of infection persistence prior to total hip arthroplasty (THA) reim-
plantation. They found a sensitivity of only 13% and specifi city of 
98% and concluded that aspiration of a resected hip neither reliably 
confi rmed nor excluded the persistence of infection [5]. Hoell et al. 
investigated 115 patients with two-stage hip or knee arthroplasty and 
found that the sensitivity of the aspiration culture before replanta-
tion was 5% (95 % confi dence interval (CI), 0.13–24.87) and the speci-
fi city was 99% (95 % CI, 94.27–99.97). The NPV was 83% and the PPV was 
50 % [4]. Preininger et al. investigated the diagnostic validity of syno-
vial PMMA spacer aspiration after two weeks of antibiotic holiday 
for detection of persistent infection. They included 73 patients 
who underwent two-stage revision for infection and found only 21% 
sensitivity for synovial PMMA space aspiration. They concluded that 
synovial PMMA aspiration cannot be recommended for exclusion of 
persistent infection [7].

There are some potential explanations for this fi nding. First of 
all, it is possible for bacteria to be in a biofi lm and remain adherent 
to cement spacer, which in turn leads to uncertain predictability of 
culture from aspirations before reimplantation [8–10]. Secondly, the 


