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QUESTION 6: Is there a role for sonication of implants retrieved during explantation?

RECOMMENDATION: Several studies have demonstrated that sonication of explanted orthopaedic prostheses is a viable method for detecting 
pathogens, particularly in the sett ing of culture-negative infections.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 88%, Disagree: 8%, Abstain: 4% (Super Majority, Strong Consensus)

RATIONALE 

Periprosthetic joint infection (PJI) is an uncommon, but devas-
tating, complication following total joint arthroplasty with serious 
economic implications [1–3]. Since the management of aseptic 
implant failure diff ers from that of PJI, accurate diagnosis is critical 
[2]. One of the greatest challenges in the treatment of PJI remains 
the identifi cation of the infective organism. Routine cultures are 
commonly performed for the microbiological diagnosis of PJI, 
however, these cultures may be falsely negative, which may compli-
cate management [4]. Prior studies have demonstrated synovial fl uid 
culture sensitivities ranging from 43 to 75% and periprosthetic tissue 
culture sensitivities ranging from 61 to 73% [5]. Culture sensitivity is 
dependent upon various variables such as prior use of antibiotics, 
sampling error, inadequate transport and an insuffi  cient number of 
viable bacteria retrieved [6].

Investigations have shown that PJI is typically caused by micro-
organisms forming biofi lms on implant surfaces [7,8]. Biofi lms 
are complex bacterial communities capable of self-producing a 
glycocalyx matrix that protects the cells from environmental and 
antimicrobial threats [7]. Biofi lms can be polymicrobial or possess 
the ability to recruit other species to allow for permanent att ach-
ment to the host tissue and the endoprosthetic surface, thereby 
increasing antibiotic resistance and metabolic cooperation between 
all involved bacterial species [8]. Accurate microbiological diag-
nosis, therefore, depends on the eff ective disruption of biofi lms 
from implant surface using low-intensity sonication for more sensi-
tive PJI diagnosis than the current conventional methods using a 
periprosthetic tissue or synovial fl uid cultures [9–13]. Sonication 
before the culture of explanted prostheses has also been shown to 
enhance bacterial growth in culture by dislodging the sessile organ-
isms [14,15].

Review of available literature shows that sonication fl uid 
cultures (SFC) consistently demonstrates increased sensitivity 
(78.5% to 97%) in the identifi cation of organism without sacrifi cing 
the specifi city (81% to 98.8%).[9,10,14,16–19] In a study of 331 patients, 
Trampuz et al. showed the sensitivity of SFC (78.5%) was signifi cantly 
superior to tissue culture (60.8%) (p<0.001) [10]. They had also shown 
that use of use of SFC (75%) was more sensitive than tissue culture 
(45%) when the antimicrobial agent was discontinued within 14 
days before surgery [10]. In 2017 Rothenberg et al. used MusculoSkel-
etal Infection Society (MSIS) criteria and found that SFC was more 
sensitive than synovial fl uid or tissue culture (97 vs. 57%) [17]. Janz 
et al. have also shown that sensitivity and specifi city can be further 
improved to 100% by separating components into multiple sonica-
tion fl uid cultures [20]. 

In contrast to the above results, some studies have shown a lower 
sensitivity with using SFC suggesting the importance of the tech-
nique used [21]. It is also suggested that in early PJI cases sonication 
is not superior to conventional techniques [22]. As with all microbio-
logical diagnostic tests, the sonication procedure could be poten-

tially contaminated during the process and could result in false-posi-
tive results [20,23]. Therefore it is essential to defi ne what constitutes 
positive SFC. Various studies recommended fi ve Colony Forming 
Units (CFUs) as a cutoff  to limit false-positive results [10,17,24].

While positive histology, periprosthetic tissue and SFC are 
highly predictive of implant failures in patients with PJI, more than 
10% of patients with suspected aseptic loosening are misdiagnosed 
PJI [25]. Unrecognized or occult infection has been implicated in 
contributing to “aseptic” loosening of joint prostheses [26]. Studies 
by Holinka et al. and Janz et al. have shown that all endoprosthetic 
components are colonized in cases of PJI for revision arthroplasties 
[14,27]. Investigations to optimize pathogen identifi cation are still 
ongoing. Studies have indicated that polymerase chain reaction 
(PCR) of sonication fl uid is a promising test for microbiological diag-
nosis of PJI especially in patients who were on antibiotics [22,28–31]. 
A limitation of PCR is that identifi cation of bacterial DNA does not 
necessarily confi rm the presence of live bacteria [32]. However, the 
advantage of PCR is its short processing time (<5 hours) and fully 
automated procedure [33].

Currently, the microbiological diagnosis of PJI remains a chal-
lenge because a gold standard protocol has not yet been established. 
Cultures are commonly performed for the microbiological diag-
nosis of PJI, but their sensitivity is infl uenced by various factors as 
mentioned earlier. Given the overwhelming literature supporting 
the increased sensitivity of sonicate fl uid to identify pathogens rela-
tive to conventional methods, and the feasibility of this technique, 
we conclude that there is a benefi cial role regarding the use of soni-
cation for explanted prostheses in the sett ing of suspected PJI.
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2.5. DIAGNOSIS: REIMPLANTATION
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QUESTION 1: Are the MusculoSkeletal Infection Society (MSIS) and Interntional Consensus 
Meeting (ICM) criteria valid for decision-making before reimplantation?

RECOMMENDATION: The validity of the MSIS and ICM criteria for determination of the timing of reimplantation is unclear. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 90%, Disagree: 7%, Abstain: 3% (Super Majority, Strong Consensus)

RATIONALE 

George et al. [1] studied 79 patients undergoing reimplantation and 
found that MSIS criteria had a high specifi city (96%) in predicting 
persistent infection, though the sensitivity was low (26%). They also 
found that patients who had positive MSIS criteria were at increased 
risk for reinfection after reimplantation. Kheir et al. [2] also investi-
gated the MSIS criteria in patients who were undergoing two-stage 

exchange for periprosthetic joint infection (PJI) and reported a sensi-
tivity of 25% and a specifi city of 87% for detecting persistent infection. 
The authors further investigated the utility of the leucocyte esterase 
(LE) strip test and found that the LE strip test was positive in 22.2% 
of culture-positive and 4.4% of culture-negative cases. The LE test 
was negative in all patients who had not failed at their latest follow-


