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INTRODUCTION 

Joint replacement surgery results in improvement of 

quality of life by decreasing pain and restoring function 

with high success rates. High volume practices suggest 

that 85-90% of patients who undergo total joint 

replacements receive substantial pain relief and 

functional improvement.1,2 In 2010, 777,000 total knee 

arthroplasty and 280,000 total hip arthroplasty procedures 

were estimated in the United States. There is an estimated 

increase in demand for these procedures with an increase 

of around 65,000/year for a knee and 15,000/ year for 

hip.3 Failure rates of joint replacement are relatively low, 

about 1% per year, and 90% of postoperative patients still 

have a functioning joint 10 years later.3  

The success rate for joint replacement surgeries is about 

90%, and a small percentage (1-2%) of cases have 

complications ranging from ongoing pain, aseptic device 

failure loosening, and prosthetic joint infections (PJI).  

According to Crawford et al, hip replacement surgery has 

a failure rate of 1%/year for the first 15 years that 

requires revision surgery.  This failure is stated to be 

mostly due to aseptic loosening.4 PJIs are the most 

serious complication of joint arthroplasty. Acute infection 

following surgery usually occurs within 3 months with 

virulent organisms, such as staphylococcus aureus and 

gram negative bacilli that were inoculated at 

implantation. Less virulent organisms, such as coagulase 

negative Staphylococci and Propionibacterium acnes, 

tend to cause chronic infections that occur months/years 

after the surgery.5 

It is important to state that culture negative prosthetic 

joint infections (CNPJIs) occur when there is no growth 

of microorganisms in cultures of infected peri-prosthetic 

tissue samples. Yoon Et al reported that the incidence of 

CNPJI was reported to range from 7.0% to 42.1%.6 When 
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a situation like this arises, it is important to determine 

whether the results are a true negative or false negative 

for example when there is fungi or mycobacterial 

infections or biofilm producing microorganisms that are 

not easily detected because they do not grow on routine 

media.6 Million et al reported that 46% of CNPIs were 

caused by fungi and 43% by mycobacteria.6 Treating 

these patients with CNPJI poses unique challenges due to 

lack of identification of pathogens. Treatment failure 

occurs due to lack of accurate diagnostic tools in PJI. 

Therefore, fungi, resistant pathogens, and fastidious 

pathogens are often missed and results in recurrent 

infections and treatment failures. Currently, the most 

appropriate surgical and medical treatments for CNPIs is 

not clear.  

Procedures associated with prosthetic infections 

following joint replacement has a higher total number of 

stays in hospitals, total surgeries, and higher total 

hospitals costs.  Complications related to PJI are 

polymicrobial due to multidrug resistant bacteria or 

difficult to treat microorganisms such as methicillin 

resistance staphylococci with some resistance to 

teicoplanin.5,7 There is importance to develop quick and 

effective methods of determining the cause of infections 

to avoid inappropriate use of antibiotics to reduce cost 

and further complications.  

Table 1: Summarization of current methods of working up infectious joints. 

Tests Advantage Disadvantage  

Blood tests 

 ESR, CRP, WBC 

count. 

 Alpha defensins 

 Raises possibility an infection, 

especially if persistently elevated 

 Higher sensitivity than ESR and CRP; 

not affected by use of antimicrobials 

 

 Not specific or sensitive, especially 

post-op; affected by antimicrobial use  

Histopathology  
Can be used in conjunction with other 

diagnostic measures to assess for PJI 

No guidelines on its use; requires tissue 

sample 

Synovial fluid analysis High sensitivity and specificity 
Wear and tear of aging leads to increased 

bone resorption leading to false positives 

Imaging 

 

 X-rays 

 FDG PET 

 Bone scintigraphy  

Can aid in differentiating between aseptic 

loosening and PJI 

 Can Identify non-infectious causes 

(fractures) 

 High specificity and sensitivity – 

visualizes inflammatory cells that 

utilize glucose 

 Useful for PJI occurring later after 

implantation 

 Not specific or sensitive 

 

 High cost; not widely used 

 

 Low specificity for PJIs that occur 

acutely after implantation  

Peri-prosthetic tissue 

culturing 
Gold standard  

Low specificity; doesn’t detect fastidious 

organisms or biofilm producing organisms 

that grow on biofilms; takes days for 

growth to return 

Sonication 
Increases sensitivity of cultures by 

disrupting biofilms  

Low sensitivity with prior antimicrobial 

therapy and infection by fastidious 

organism  

DNA PCR 

Allows rapid diagnosis of viral, bacterial, 

rickettsia, mycobacterial, and protozoal 

infection in hours; high sensitivity and 

specificity even with antimicrobial usage 

and biofilm production 

False negatives occur under different 

circumstances; results can be hard to 

interpret; no guidelines on its use in PJI 

 

PURPOSE OF THIS DOCUMENT 

The goal of this document is to review PCR as a possible 

standard for diagnosing PJIs. 

RISK FACTORS 

It has been reported that 12-20% of all prostheses are 

found to be infected after primary revision surgeries.8-10 

There are several demographic factors and co-morbid 

conditions that put patients at a higher risk for PJIs such 

an overweight male, age greater than 65 years, 

immunosuppression, and a history of previous 

revision.8,11,5 Additionally, other studies have shown that 

obesity and increasing BMI puts patients at a greater risk 

for infections.7 Wu et al performed a study on patients 

that underwent total hip and knee arthroplasties and 

concluded that patients with a BMI greater than 28 

kg/m2 had a 2.77-fold higher risk of PJI compared with 

patients with a BMI between 18.5 and 28 kg/m2.12 

Another study performed by Peel and colleagues reported 
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a 10% increase in risk of infection is associated with 

every 1kg/m2 increase in BMI.8,13,14 

 A second co-morbid condition that predisposes a patient 

to infection is diabetes. A study showed that diabetes 

mellitus and hyperglycemia prior to and after operation 

were predictors for postoperative infection following total 

joint arthroplasty. In the same study, Mraovic showed 

that patients without a diagnosis of diabetes who 

developed postoperative hyperglycemia had a 

significantly increased risk for the infection.15 However, 

in vitro studies have shown that hyperglycemia allows for 

increased formation of biofilms, but there is not a clear 

link to diabetes and PJIs.16,17 

Prior antibiotic use, is one of the main risk factor for 

CNPJIs. According to Elie et al, use of antimicrobial 

therapy during the 3 months prior to the diagnosis of 

CNPJI was present in 53% patients and 23% of patients 

were receiving an antimicrobial agent up to the time of 

peri-prosthetic tissue culture.11 The usage of prior 

antimicrobial therapy and post-operative wound drainage 

after arthroplasty were associated with increased odds of 

PJI being culture negative”.5,18 

BIOFILMS 

Most infections associated with PJIs are related to 

pathogens that produce biofilms such as staphylococcus, 

fungi, and pseudomonas. These microorganisms organize 

themselves into a structured colony and surround 

themselves into a self-made extracellular matrix that 

allow them to adhere to surfaces such as implanted 

devices, prostheses, and damaged tissues.5 Organisms 

that are cultured included gram positive pathogens in 

50% of the cases, of which staphylococcus aureus was 

identified in 33% of patients and coagulase negative 

staphylococcus in about 19% of isolates.8,9,10
  

CLINICAL FEATURES OF PJI   

According to the Infectious Disease Society of America 

(IDSA), there are 3 situations in which one should 

suspect a PJI and these include (1) when there is a sinus 

tract or persistent wound drainage over a joint prosthesis, 

(2) acute onset of a pain in the prosthesis and (3) any 

chronic painful prosthesis.19 A study performed by Peal et 

al demonstrated that pain was reported in 42% of 

patients, while drainage from the surgical site was the 

most frequent finding in 72% of patients.13,17 These 

findings reveal that there is variation in the clinical 

presentation of PJIs. This is most likely due to differences 

in virulence of micro-organisms and varying host 

response to them.  

PJIs also can be classified and grouped into three 

categories (1) early infections are those occurring within 

3 months of implantation, (2) delayed when presenting 

between 3 and 24 months and 3.late if presenting beyond 

2 years.20 Early and delayed PJI are usually due to 

microorganisms that were introduced during surgery 

while late infections represent hematogenous spread of 

the microorganisms such as UTI, transient bacteremia, 

associated endocarditis, and other primary sources of 

infection.5 Initially PJI presents with acute inflammatory 

responses such as erythema, pain, and drainage at a site 

of implantation while late and chronic infections usually 

present with fewer signs of acute inflammation. The latter 

is often characterized by chronic pain and loosening of 

the implant, which may be visible, along with decreased 

range of motion.5 Loosening of prosthetic material alone 

is not enough to diagnose a late onset PJI because this 

can occur in absence of an infection.  

DIAGNOSTIC STUDIES 

The diagnosis of CNPIJIs can be difficult and is usually a 

combination of clinical signs and symptoms, blood tests, 

histopathology, radiological findings, and 

microbiological tests.9 Elie et al suggests that CNPJIs are 

diagnosed on the basis of one of the following: presence 

of purulence surrounding the prosthesis, histopathologic 

findings of acute inflammation of peri-prosthetic tissue 

samples, or a cutaneous sinus tract communicating with 

the prosthesis, in addition to there being no growth on 

aerobic and anaerobic cultures submitted to the clinical 

microbiology laboratory.11 The IDSA also includes 

synovial fluid with a leukocytosis and/or with the 

predominance of neutrophils or growth of identical 

micro-organism in at least two intraoperative cultures in 

their criteria for diagnostic criteria.19 

Routine blood tests assess the host response to pathogens 

and may suggest an infection but these markers are 

nonspecific. For example, elevated C-reactive protein 

(CRP), leukocyte count, and erythrocyte sedimentation 

rate (ESR) may diagnose an infection but are unhelpful, 

especially post operatively because they will be elevated 

for 14 days after surgery.8,5 However, persistent and 

repetitive elevation of CRP and ESR together raises the 

possibility of an infected joint, even though they are not 

specific or sensitive. A blood test that is worth discussing 

is alpha defensins. Defensins, also known as human 

neutrophil peptide, are proteins that are normally released 

by neutrophils in response to pathogenic infections 21. A 

recent study was done by Shahi et al and showed that 

alpha defensins tests showed a higher sensitivity when 

compared to ESR, CRP, fluid PMN and culture when 

detecting PJI.22 Prior use of antibiotics decreases levels of 

the other inflammatory markers but levels of alpha 

defensins remained steady without a drop in its 

sensitivity. The study provides use of alpha defensins as a 

screening test for PJI, even in the setting of prior 

antibiotic treatment. 

Histopathology of prosthetic infections can aid in the 

diagnosis of CNPJIs. To do this a peri-prosthetic tissue 

sample must be obtained.  Berbari et al reported that in 60 

episodes of CNPJI, histopathologic examination of peri-

prosthetic tissue revealed purulence in 27 (45%) patients 
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and acute inflammation in 47(78%) patients.11 

Assessment of histology can be used in conjunction with 

other diagnostic measures to assess PJIs. There are 

currently no guidelines on the use of histopathology in 

assessing CNPJIs.  

Synovial fluid can be tested for the presence of 

polymorphonuclear cell count.  This has been shown to 

have a sensitivity of 90% and specificity of 88% to detect 

PJI.6 However, normal wear and tear can cause osteolysis 

and granulomatosis reaction.  This can lead to bone 

resorption and loosening of prosthesis leading to a false 

positive, due to other causes beside infectious causes.   

Imaging can aid in diagnosis of PJI by allowing 

visualization and assessment of the prosthesis. CT, MRIs, 

X-rays, fluror-2-deoxyglucose positron emission 

topography (FDG-PET), and scintigraphy aid in 

differentiating between aseptic loosening and PJIs. For 

example, plain radiographs can be obtained to help 

identify noninfectious causes such as fractures and 

dislocations. They can also be useful in detecting 

periosteal lucency, loosening of parts of prosthesis, 

effusion, soft tissue gas, fluid collection, and periosteal 

bone formation which all suggest an underlying infection 

but are not specific or sensitive.17 The diagnostic value of 

FDG-PET is controversial and not widely used in 

assessments of PJIs, but it has a sensitivity of 83% and 

specificity of 87%.19 This modality allows visualization 

of inflammatory cells that utilize glucose during 

infections. There is also a high cost associated with its 

use.17 According to Tande and colleagues, three phase 

bone scintigraphies with a compound that is radioactively 

labeled, technetium-methylene diphosphonate, is one of 

the most widely utilized imaging techniques in the 

diagnosis of PJI but a limitation is its lack of specificity.17 

Its specificity has been reported to be as low as 18% in 

PJIs that occur in one to two years after implantation and 

is of more use for PJI occurring late after 

implantation.17,23  

In order to diagnose and determine the cause of PJIs, 

there needs to be isolation of microorganisms from 

reliable samples like intra-operative specimens or joint 

aspiration.5 Currently, culture of multiple peri-prosthetic 

tissue samples is the gold standard for microbiological 

diagnosis of PJI.24 The issue with peri-prosthetic 

culturing is that it has a low specificity and doesn’t detect 

an organism that grow on biofilms. A prospective study 

was performed by Atkins et al in which they cultured 41 

prosthetic joints and found only 65% of samples from 

infected patients being culture positive, even in the midst 

of multiple peri-prosthetic samples.10,24 The use of 

sonication techniques can aid in providing additional 

diagnostic information. Sonication has been shown to 

increase the sensitivity of cultures by disrupting adherent 

bacteria, and their biofilms from surfaces of orthopedic 

implants. According to Legout, removed orthopedic 

implants are sonicated in a solution of saline to dislodge 

microorganisms from the surface then fluid surrounding 

the implant is cultured.5 Dobbins et al performed a 

comparative study in which sonication cultures and 

swabbed cultures were obtained from an internal fixation 

device that was removed. The results of their study 

concluded that 15 of 26 (58%) sonicate cultures were 

positive for coagulase-negative staphylococci, whereas 

swabbed cultures isolated coagulase-negative 

staphylococci in only three of 26 cultures (12%).6,25 This 

study shows that sonication of implants yields more 

positive cultures when compared to traditional cultures 

however both techniques have low sensitivity with prior 

antimicrobial therapy and infection by fastidious 

organisms.26  

DNA/PCR USAGE 

PCR is a type of nucleic acid amplification that allows 

the targeted portion of a genome to be detected and 

replicated. It provides rapid and accurate diagnosis for 

infections that were once viewed as idiopathic through its 

ability to detect DNA or RNA contained in tissues or 

fluids. PCR usage has not just been limited to infections 

but it is also a laboratory test for CNS diseases (genetic 

and autoimmune) and malignant neoplasms.26 

Prior to usage of PCR, viral infections in the CNS were 

often treated with unnecessary empiric antimicrobial 

therapy and invasive diagnostic procedures were 

performed. Use of PCR has provided a way to diagnosis a 

multitude of infections including viral, bacterial, 

rickettsia, mycobacterial, and protozoal.26 Even though 

DNA PCR has a high sensitivity it does have its 

limitations. False negatives can occur under different 

circumstances, for example when there is delay in 

performing PCR or when there are inhibitors of PCR 

present in body fluids or tissues. 

A study was performed that found usage of PCR to be 

highly specific and sensitive for the diagnosis of shigella 

and EIEC infection using stool samples. In the same 

study, 3 of the strains that were not originally identified 

using conventional techniques were identified using 

PCR.27 Other studies have supported these findings in 

various types of infections. Luna et al, observed the use 

of PCR to diagnose clostridium difficile infections in 

children hospitals. This study demonstrated that PCR 

gave a rapid and accurate diagnostic modality that could 

replace the original serial testing by enzyme-linked 

immunosorbent assay (EIA).28 

PCR USAGE IN SYNOVIAL FLUID 

Cultures of synovial fluid and intraoperative 
periprosthetic tissue is the standard for diagnosing PJI. 
The sensitivity has increased with newer techniques such 
as sonification of removed implants, however the 
infecting microorganism often remains unknown. In a 
study that observed the usage of both sonification of 
removed implants and multiplex real time PCR of 
sonication fluid, it was shown that the multiplex PCR can 
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improve the diagnosis of PJI with specific primer.8,9  
Advantages to using PCR are that even with cell non 
viability, fastidious growth, or previous antibiotic 
treatment it could still provide high sensitivity.29 Gallo et 
al calculated a higher sensitivity, accuracy, and negative 
predictive value for PCR when compared to cultured 
samples. Additionally, there was an 83% concordance 
between the result of intraoperative cultural and PCR 
detection of causative bacteria.29 Morgenstern et al used 
multiplex PCR and found that PCR was superior for 
detection of low virulent bacteria such as Cutibacetrium 
spp and coagulase negative staphylococci.  They found 
that the short time frame, 5 hours, for PCR results 
compared to synovial fluid culture and growth, several 
days, is an important aspect when comparing PCR to 
culture.30 This means that when using PCR there is no 
delay in identification of micro-organisms leading to 
appropriate treatment and prevention of adverse 
outcomes. In another study, a new multiplex real time 
PCR was used to detect methicillin resistant 
staphylococcus (MRS).  The sensitivity and specificity of 
the MRS and universal PCR was 92% and 99% and 91% 
and 88%, the concordance rate for the identification of 
gram +ve or gram –ve organism was 96%. Based on their 
findings, PCR could be a use for CNPJI cases.31  

Zegaer et al, compared the effectiveness of culturing 
versus 2 PCR methods. One PCR method used was 
before sequencing of the product for the identification of 
the species and the other was a species specific PCR for 
S. aures, S. epidermidis and P. aeruginosa. Both methods 
detected 16s rRNA.32 They found that the specific PCR 
had better results than universal, but both had issues 
when compared to culture.  They state that PCR may not 
replace the gold standard of cultural because of its 
interpretative problems and that perhaps could be used if 
small amount of sample were available or when there was 
a negative culture after 24h of incubation.32     

The issue with broad range PCR is that while it has a high 
specificity, there is often a poor sensitivity in diagnosing 
infections.33 However when the PCR and bacterial 
cultural were considered together, the sensitivity of PCR 
increased to 67%. Additionally in another study that used 
a method of using MRSA for fast detection of methicillin 
resistant coagulase negative Staphylococci in PJI, it was 
found that it lead to early microbial diagnosis but with 
low sensitivity and high cost.34 In a meta-analysis that 
looked at several studies for the validity of PCR it was 
found that the sensitivity of 86% and specificity of 91% 
make it practical for clinical use.35 

CONCLUSION 

While PCR could provide a better diagnostic approach to 
PJI, more studies need to be done at the time to ascertain 
if this tool would be useful in the acute management of 
PJI. Some of the issues that still need to be addressed 
include the number of pathogens isolated or detected by 
this test leaving one unsure as to which is the primary 
pathogen that caused the infection. Over use of 

antibiotics in these situations could eventually lead to a 
higher risk of clostridium difficle infections as well. 
Therefore, the need to determine faster methods of 
identifying the causes of infections is crucial to avoid the 
inappropriate use of antibiotics and reduce complications 
associated with PJIs. 
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