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 >1.4million arthroplasties in 2015 in US 
 
◦ >140,000 revisions 

 
◦ Will increase by >40% by 2020 
 Kurtz et al (JBJS 2014;96:624) 

 

 Infections 1-3% 
 
◦ US$1.1billion 
 Kurtz et al (J Arthro 2012;27(S1):61) 
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 No gold standard 
 

 Differentiating pathogen from contaminant 
 

 Overlap in symptomatology  
 

 Prompt diagnosis important (DAIR) 
 

 Diagnosis of shoulder arthroplasty infections 
 

 
 



 Diagnostic Criteria  
 

 Pre-operative diagnosis 
◦ Inflammatory markers 
◦ Synovial Aspirate 
◦ New diagnostic tests 
 

 Operative Diagnosis 
◦ Culture based 
◦ Non-culture based molecular techniques 
◦ Histopathology 



MSIS Criteria 

Major 1. ≥2positive cultures  
 

2. Sinus tract 

Minor a. ↑CRP or ↑ESR  
 

b. ↑Synovial WCC or ++ 
leukocyte esterase strip 
 

c. ↑Synovial PMN%  
 

d. Positive histology  
 

e. Single positive culture  
PJI = 1 major or 3/5 minor 

IDSA Criteria 

1. ≥2positive cultures  
 
 

2. Sinus tract 
 
 

3. Positive histopathology 
 
 

4. Intra-operative purulence 
 

PJI = 1 or more present 

Parvizi et al J Arthro 2014;29:1331 
Osmon et al CID 2013;56:1 



Parvizi et al J Arthroplasty 2014;29:1331 



Sensitivity  (95%CI) Specificity (95%CI) 

CRP 88% (86-90) 74% (71-76) 

ESR 75% (72-77) 70% (68-72) 

IL-6 97% (93-99) 91% (87-94)* 

WCC 45% (41-49) 87% (85-89) 



◦ ‘Normal’ ESR & CRP in 23% of shoulder infections 

Piper et al PLoS One 2010;5:e9358 



emedicine.medscape.com/article/79994-technique#c2 



 Chronic (>90days) 
 

◦ Cipriano et al THA and TKA 
 

◦ WCC 3450/μL 
 Sensitivity 91%  
 Specificity 93% 

 
◦ PMN 78% 
 Sensitivity 95.5% 
 Specificity 87.3% 

 

 
 

 Acute (≤42 days) 
◦ Paul et al THA 
 WCC 10000/μL 
 Sensitivity 95% 
 Specificity 91% 

 PMN 89%  
 Sensitivity 84% 
 Specificity 69% 

 
◦ Bedair et al TKA 
 WCC ≥12800/ μL 
 Sensitivity 89%  
 Specificity 100% 

 PMN 89% 
 Sensitivity 81% 
 Specificity 90% 

Paul et al CORR 2014;472:424 
Bedair et al CORR 2011;469:34 

Cipriano et al JBJS 2012;94:594 



 Most data based on lower limb arthroplasty 
 
◦ Less robust data for other joints 

 
◦ Most studies exclude inflammatory arthritis 

 
◦ Metal-on-metal falsely elevates cell count 
 Manual leucocyte counts more reliable 

Tande & Patel CMR 2014;27:302 
Parvizi et al J Arthro 2014;29:1331 



 Sensitivity 72% (65-78) 
 Specificity 95% (93-97) 
◦ Less sensitive for THA than TKA 
◦ Marked heterogeneity 
◦ No comment on culture media or duration 

2013;51:3830 



 Blood culture bottles 
◦ Increased yield cf agar 
 

 Acute vs Chronic infection 
 Sensitivity 91% acute vs 79% chronic 
 Specificity 100% both 
 Font-Vizcarra et al (CORR;2010:468:2238) 

 

https://c1.staticflickr.com/1/28/48025150_db0fa4b573.jpg 

JCM 2001;39:4468 
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 “Point of care” 
 Measure of ‘+’ or ‘++’ 
 Sensitivity  
◦ 80% - 92.9% 

 Specificity 
◦ 89-100% 

 Cellular debris  
◦ 10 – 29% unable to be read 

 
Parvizi et al JBJS 2011;93:2242 

Wetters et al J Arthro 2012;27(S1):8 
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 Sensitivity 85-87.1% 
 Specificity 71-97.7% 

 
 Threshold / cut-off not well established 
◦ Parvizi et al proposed 9.5mg/L 

 Value unclear 
◦ Strongly correlates with serum CRP (r2 0.72)  
 Parvizi et al  

◦ CRP manufactured in liver 
 Emerging evidence that other sites may produce CRP 

Deirmengian et al CORR 2010;468:2017 
Jacovides et al J Arthro 2011;26(S1):99 

Parvizi et al J Arthro 2012;27(S1):12 
Deirmengian et al JBJS 2014;96:1439 



 Synovial α-defensin 
 Sensitivity 97.3% 
 Specificity 95.5% 

 Synvosure® 
◦ CD diagnostics 
◦ Not FDA approved 

 Not widely studied 
 

 





 Microbiological culture is paramount 
◦ Confirmation of diagnosis 
◦ Allows susceptibility testing 
 Guide therapy 
 Avoid unnecessarily broad-spectrum antimicrobials 
 Epidemiology / Infection Control 

 
 Disadvantages 
◦ Slow 
◦ Low sensitivity  
◦ Challenges differentiating pathogen vs contaminant 





JCM 1998;36:2692 
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 Meta-analysis Zhai et al 
◦ Pooled data 
 Sensitivity 80%  
 Specificity 95% 
 Moderate quality studies 

 
◦ Best cut-off ≥5CFU/mL 
 (unconcentrated) 
 Not taking in account organism 

 
◦ Better results with 
 Ringer’s solution 
 Containers 
 Extended cultures to 14 days 

 
 Useful if prior antibiotics Photo courtesy of David Lynch, Mayo Clinic MN 

From Tande & Patel Clin. Microbiol. Rev. 2014;27:302 

Zhai et al JCM 2014;52:1730 

 



 Portillo et al compared 
◦ Vortex + Sonication 
◦ Vortex alone 
 

 Cut-off ≥1CFU/mL 
◦ Similar sensitivity (71 v 69%)  
◦ Sonication more sensitive with 

chronic PJI (58 vs 33%; p=0.2) 
 

 Cut-off ≥50CFU/mL 
◦ Sonication more sensitive 
 60% vs 40% (p=0.2) 

 
 Vortex alone 
◦ Reasonable if sonication not 

available Photo courtesy of David Lynch, Mayo Clinic MN 
From Tande & Patel Clin. Microbiol. Rev. 2014;27:302 

Portillo et al JCM 2013;51:591 

 



Parvizi et al J Arthroplasty 2014;29:1331 



 26 studies THA and TKA 
 DOR 54.7 (31.2-95.7) 
◦ LR+12.0 (8.4-17.2) 
◦ LR- 0.23 (0.15-0.35) 

 Significant heterogeneity 
 Majority small studies 
 Diagnostic thresholds vary 

JBJS 2012;94:1700 





 PCR 
 
◦ Specific PCR 
 Targets a single bacteria eg Staphylococcus aureus 
 
◦ Broad-range PCR 
 Bacterial ribosome (16S rDNA) 
 Highly conserved region 
 Allows detection of DNA from many bacteria species 



 14 studies (11 16sRibosomal PCR) 
◦ Sensitivity 86% 
◦ Specificity 91% 

 
 Challenges 
◦ High false positive rate 
◦ Requires specific expertise 
◦ Expensive 
◦ Issues with polymicrobial infections 
 Comprise 10-30% of infections 

Qu et al JCM  2013;51:2742 



 Species specific and multiplex PCR 
◦ Septifast© (Roche Diagnostics) 
◦ Portillo et al 
 Performed on sonicate 
 PCR more sensitive 96% compared to:  
 Periprosthetic tissue culture 71% (p=0.03) 
 Sonicate culture 67% (p=0.02)*  

 50% patients had received antibiotics in 14 days prior 
 PCR was positive in 96% cf 50% culture 

 Limitations 
 Probe for specific pathogen needs to be included 
 Eg Propionibacterium acnes 

Portillo et al J Infect 2012;65:541 



 



 
 ESR and CRP aid clinical judgment 
◦ IL-6 promising but not widely in use 
 

 Synovial aspirate 
◦ Synovial WCC, PMN% and culture (BCB) 
◦ Role of leukocyte esterase and CRP unclear 
◦ α-defensin promising but further studies required 
 



 Peri-prosthetic tissue samples 
◦ Ideally 5-6 specimens 
 NOT swabs 
◦ Inoculation into blood culture bottles 
◦ Culture for 14 days 

 Specimen for frozen section 
 Sonication of the prosthesis 
◦ If aspiration is negative or recent antibiotics 

 Consider additional specimen for PCR  
◦ Multiplex / species specific 
◦ If recent antibiotics and culture negative 
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