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Abstract

Periprosthetic joint infection (PJI) following total knee arthroplasty (TKA) is a serious adverse event. Culturing of 
samples of periprosthetic tissue is the standard technique utilized for the microbiological diagnosis of PJI. However, 
this technique is neither sensitive nor specific since in PJI the microorganisms are usually in a biofilm on the surface of 
the prosthesis. The objective of this paper is to know the role of sonication in the diagnosis of PJI after TKA. Sonication 
consists in taking samples of bacteria from biofilms adhered to the prosthetic surface. The reported sensitivity for the 
diagnosis of PJI of the periprosthetic tissue cultures and sonicate fluid cultures is 54% and 75%, apiece. The specificity 
is 98% and 87%, respectively. In conclusion, the sonication technique is a dependable test for the diagnosis of PJI 
after TKA with a greater sensitivity and specificity than the conventional periprosthetic tissue cultures. Sonication of 
polyethylene liners, rather than the whole prosthesis, has been reported to be sufficient for diagnosis of prosthetic joint 
infection.

Level of evidence: III

Keywords: Periprosthetic joint infection, Sonication, Total knee arthroplasty

Introduction

Periprosthetic joint infection (PJI) following total 
knee arthroplasty (TKA) is a serious adverse event. 
At 1 month, the infection frequency of the surgical 

site (SSI) is 1.1%, while the frequency of deep infection is 
0.1%. The frequency of PJI during the life of the patient 
after a TKA ranges between 0.7 and 4.6%. Compared with 
individuals operated on for TKA without PJI Individuals, in 
individuals with PJI the length of hospitalization is longer 
(5.3 vs. 3 days), and they need more readmissions (3.6 vs. 
0.1) and more hospital visits (6.5 vs. 1.3).1 The average 
annual cost of patients with PJI operated from TKA is 
higher ($ 116,383 on average) than in patients operated 
on for TKA without PJI ($ 28,249 on average). Hospital 
costs are between 2 and 24 times greater in individuals 
with PJI than in those without PJI. PJI after TKA represents 
a great trouble for patients, orthopedic surgeons and 

health economy.1
Culturing of samples of periprosthetic tissue is the 

standard technique utilized for the microbiological 
diagnosis of PJI. However, this technique is neither 
sensitive nor specific since in PJI the microorganisms 
are usually in a biofilm on the surface of the prosthesis.2 

According to Portillo et al, cultures have limited sensitivity 
in the diagnosis of PJI, especially in low-grade infections.3 
Serum markers, such as erythrocyte sedimentation rate 
(ESR) and the C reactive protein (CRP), are valuable 
noninvasive tools for diagnosing PJI. Nevertheless, there is 
no serum biomarker that in solitude has good sensitivity 
and specificity. Therefore, the aforementioned serum 
biomarkers are usually combined with more invasive 
synovial tests. The clinical suspicion and the assessment 
of the aforementioned biomarkers are essential for the 
diagnosis of PJI, although we still do not know a serum 
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marker that can be considered the gold standard of the 
diagnosis of PJI.4

Sonication of the implants retrieved during revision 
surgery of TKA is the best option currently available to 
detect the microorganisms that colonize the implant. 
It would be good if the sonication was incorporated in 
a generalized way to the new protocols of diagnosis of 
infection after TKA, since it could help the early and 
precise detection of said infection.5 Sonication consists in 
taking samples of bacteria from biofilms adhered to the 
prosthetic surface. After removing the prosthesis during 
the revision arthroplasty, it is placed in a container with 
400 ml of Ringer’s solution and subjected to a combination 
of vortexing and sonication. Then, the bacteria obtained 
by the sonication process are incubated and cultured 
[Figure 1].

Results of literature review
A narrative review of the literature on the topic the 

function of sonication in the diagnosis of PJI after TKA was 
performed. A Cochrane Library and PubMed (MEDLINE) 
exploration associated with the topic was carried out. 
The solely language explored was English. Abstracts of 
scientific meeting and other sources of proof were not 
included. The chief criteria for choice were papers that 
were devoted to the sunction of sonication in PJI. shows 
the strategies utilized (PubMed /Medline and Cochrane 
Library) [Figure 2]. The explorations were dated from 
the beginning of the exploration devices (PubMed and 
Cochrane Library) until 6 February 2019. 

How useful is sonication? 
In 2006 Trampuz et al published the first study found 

in the literature on sonication in PJI.6 These authors 
analyzed by means of sonication in polyethylene bags the 
prostheses removed in 24 individuals diagnosed with PJI 
of the hip and knee. The sensitivity for the diagnosis of 
PJI of the periprosthetic tissue cultures and sonicate fluid 
cultures was 54% and 75%, respectively. The specificity 
was 98% and 87%, respectively. 

With the utilization of standardized nonmicrobiologic 
guidelines to define PJI, the sensitivities of periprosthetic-
tissue and sonicate-fluid cultures were 60.8% and 78.5%, 
apiece, and the specificities were 99.2% and 98.8%, 
apiece.2

The results of sonication culture were set against 
the conventional tissue culture by Holinka et al.7 The 
sensitivity of sonication fluid culture was 83.3%, of single 
positive tissue culture was 72.2% and 61.1% when two 
or more cultures caused the same microorganism.

According to van Diek et al sonication is a very specific 
evaluation for diagnosis of PJI.8 Nonetheless, because 
of the low sensitivity, a negative sonication test does 
not eliminate the existence of PJI. Thus, sonication is 
not adequate for screening of microorganisms during 
revision surgery.

Tani et al stated that sonication represents a 
dependable method to make the diagnosis of PJI with a 
higher sensitivity and specificity than the conventional 
periprosthetic tissue cultures.9

In 2018 Park et al reported that sonication for 

Figure 1. Diagram of prosthesis sonication protocol (CFU = colony-forming 
units; ML = milliliters).
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identification of pathogens could be useful. However, this 
statement should be interpreted prudently due to the 
plausibility of contamination.10

What technique should we use? 
Multiplex PCR of sonication fluid is an encouraging 

method for diagnosis of PJI, especially in subjects who 
beforehand underwent treatment with antibiotics. With 
modified primer sets, multiplex PCR has the potential for 
farther amelioration of the diagnosis of PJI.11

According to Portillo et al, multiplex PCR of sonication 
fluid showed big sensitivity (96%) and specificity (100%) 
for diagnosing PJI, giving good discriminative power 
towards aseptic failure, especially in subjects beforehand 
experiencing treatment with antibiotics.3

Should we sonicate all implants or just some?  
Sonication of antibiotic spacers ameliorated the 

sensitivity of intraoperative cultures from 45% to 82%.12 
Sonication of antibiotic spacers seems to be valuable 
in foretelling failure explicable to recurrent infection 
following two-stage reimplantation.

In 2019 Karbysheva et al analyzed 112 prosthetic 
components (58 knees, 54 hips) retrieved from 40 
patients.13 The bacterial load removed from the 
aforementioned components was assessed qualitatively 
and quantitatively in sonication-fluid cultures. Bigger 
bacterial counts were encountered on polyethylene than 
on titanium or cobalt-chromium alloy. Coagulase-negative 
Staphylococcus aureus and Streptococcus species were 
most usually isolated. Sonication of polyethylene liners, 

rather than the whole prosthesis, was enough for making 
the diagnosis of PJI.13

Discussion
According to Suster et al Staphylococcus spp. represents 

up to two thirds of all the microorganisms that cause 
PJI, being Staphylococcus aureus and Staphylococcus 
epidermidis the most frequent causative germs.14

According to Rodriguez-Merchan and Liddle, the 
microbiology of PJI of TKA is now well understood. The 
bacteria that cause PJI are commonly highly positive, 
mainly staphylococci and streptococci, although many 
bacteria can cause PJI, especially in patients with 
immunosuppression. PJI following TKA is difficult to 
manage because of the establishement of biofilms, 
which shield the bacteria causing the infection from the 
antibiotics.15 Important factors for PJI are obesity and 
diabetes.16

Prophylactic antibiotics should protect at worst the 
most frequent microorganisms that cause infection in 
the postoperative period. They must get sufficiently 
high concentrations (at worst the minimum inhibitory 
concentration) in serum and osseous tissue, which 
must be maintained over time. Doses must be redone 
to maintain the adequate concentrations. For standard 
antibiotic prophylaxis, antibiotic administration must 
be performed within the first hour prior to the surgical 
incision. Cefazolin (1 to 3 grams depending on body 
weight every 2 to 5 hours) is the antibiotic most used for 
the prophylaxis of PJI in the United States and Europe. 
It is efficacious against gram-positive, aerobic gram-

Figure 2. Flow chart of our search strategy concerning the value of sonication in the diagnosis of periprosthetic joint infec-
tion (PJI) after total knee arthroplasty (TKA).
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negative bacilli and anaerobes. However, cefazolin it is 
not efficacious against MRSA. Clindamycin (90 mg every 
3 to 6 hours) and vancomycin (15 / kg every 6 to 12 
hours) are suitable options when cefazolin is cannot be 
indicated (because of allergy).17

PJI after TKA is a very serious adverse event. The 
frequency of PJI after primary TKA is 1 to 3% and 8 
to 10% after revision surgery. Management of a PJI 
following TKA costs between $ 25,000 and $ 100,000, 
and needs an enormous quantity of financial resources. 
By 2020, it is expected that the diagnosis and treatment 
of the PJI will cost the US health system $ 1.6 billion. It 
is therefore essential to diagnose a PJI in an appropriate 
way. The diagnosis is made taking into account the 
patient’s history, the physical examination, the imaging 
tests, the serological and synovial fluid analysis, the 
microbiological tests, the histological assessment of the 
periprosthetic tissue, implant sonication and molecular 
testing (like polymerase chain reaction – PCR).18

The diagnosis of PJI is difficult, since there is no perfect 
test. The most commonly used method is a combination 
of serological, synovial, microbiological, histological and 
radiological tests. However, they are costly, invasive and 
imperfect for the diagnosis of PJI. Serum biomarkers 
are reliable diagnostic tools. However, it must be borne 
in mind that they are not exempt from limitations. Said 
biomarkers are the white blood cell (WBC) count, the 
ESR and the CRP. The combination of ESR and CRP is 
very efficacious in “discarding” the PJI. Other biomarkers 
have also demonstrated their usefulness in the diagnosis 
of PJI. They are IL-6, IL-4, TNF-alpha, procalcitonin and 
siCAM1.4

The diagnosis of PJI endures a challenge. Albeit a number 
of algorithms have been published, a combination of 
many examinations and clinical premonition remain the 
foundation of the diagnosis. Knee aspiration is a useful 
test and must be carried out routinely if inflammatory 
biomarkers (PCR, ESR) are elevated. Samples must 
be cultured for 2 weeks. The analysis of synovial 
fluid [white blood cells and the percentage of PMN 
(polymorphonuclear) cells] has achieved acceptance in 
recent years. Leukocyte esterase, alpha-defensine and 

techniques of genetic diagnosis could be important in the 
time to come.19

Histology is another test accessible to the orthopedic 
surgeon in the diagnosis of PJI at the time of the surgical 
procedure, especially when preoperative tests have 
not been able to appropriately exclude PJI. It is a fairly 
economical and simple test. The literature supports that 
the presence of a high number of PMN per high power 
field (HPF) in the periprosthetic tissue collected during 
the surgical procedure suggests a high probability of PJI. 
However, its accuracy is not totally reliable.20

PJI can be arduous to precisely diagnose because there 
are many factors that potentially can affect the outcome. 
Observation of instructions, such as those from the 
Musculoskeletal Infection Society, and ameliorating 
sampling and analysis can enhance diagnostic precision. 
Nonetheless, taking into account that there is a grade 
of diagnostic doubt, results must be interpreted on the 
basis of clinical findings [Table 1].21,22

Culturing of the sonication fluid of extracted implants 
has demonstrated to be more sensitive than conventional 
periprosthetic tissue culture for the microbiological 
diagnosis of PJI.23 According to Rak et al the precise 
diagnosis of PJI can be arduous because bacteria form 
a biofilm on the surface of the implant.24 The sensitivity 
of culture from sonication fluid is better than that from 
periprosthetic tissue, but no comparison studies using 
molecular methods have been carried put.

Sonication of explanted prostheses represents a 
dependable technique for the diagnosis of PJI after 
TKA with a higher sensitivity and specificity than the 
conventional periprosthetic tissue cultures. In a recent 
report it was shown that sonication of polyethylene liners 
rather than of the complete prosthesis was sufficient for 
bacteria discovery in PJIs.

Table 1. Musculoskeletal Infection Society (MSIS) definition of periprosthetic joint infection (PJI) (21,22):  PJI exists when
1 There is a sinus tract communicating with the prosthesis; or

2 A pathogen is isolated by culture from 2 or more separate tissue or fluid samples obtained from the affected prosthetic joint; or 

3

When 4 of the following 6 criteria exist: 
a.	 Elevated serum erythrocyte sedimentation rate (ESR) and serum C-reactive protein (CRP) concentration
b.	 Elevated synovial white blood cell count
c.	 Elevated synovial polymorphonuclear percentage (PMN%)
d.	 Presence of purulence in the affected joint
e.	 Isolation of a microorganism in one culture of periprosthetic tissue or fluid, or 
f.	 Greater than 5 neutrophils per high-power field in 5 high-power fields observed from histologic analysis of periprosthetic tissue at ×400 

magnification
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