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QUESTION 4: Which patient-specific factors (i.e., inflammatory arthritis, immunocompromised 
state) influence the thresholds for serum and synovial markers in acute and chronic  
periprosthetic joint infection (PJI)? 

RECOMMENDATION: There are currently no inflammatory arthritis-specific factors known to influence the thresholds for serum and synovial 

markers in PJIs. The literature on PJIs in inflammatory arthritis (IA) is sparse. While -defensin is the best studied synovial biomarker, as with  

synovial white blood cell (WBC) count and C-reactive protein (CRP), there appears to be overlap in values limiting their utility in differentiating 
septic from aseptic effusions in patients with inflammatory arthritis.  

LEVEL OF EVIDENCE: Limited due to small numbers 

DELEGATE VOTE: Agree: 84%, Disagree: 7%, Abstain: 9% (Super Majority, Strong Consensus) 

RATIONALE 

PJI is a concerning complication of total joint arthroplasty and rapid and accurate diagnosis is critical to determine appropriate 
treatment [1]. However, differentiating between septic and aseptic failure continues to be a diagnostic challenge and is particularly 
problematic in patients with IA who, in the setting of PJI, have both systemic and intra-articular sources for increased inflammatory 
markers.  

Synovial fluid biomarkers, like WBC count and percent of polymorphonuclear neutrophils (PMN), CRP, -defensin, cytokines such 

as IL-6 and leukocyte esterase may be helpful for detection of PJI [2]. However, as with serum cytokines, synovial fluid cytokines have 
low specificity and may be abnormal in patients with immunological and inflammatory disease [3]. Synovial WBC count is included 
in both the International Consensus’s and Musculoskeletal Infection Society (MSIS) criteria of PJIs [4,5]. However, counts may be 

elevated in active disease or flares in IA patients. The -defensin immunoassay, synovial Il-6 level, and leukocyte esterase have all 

been proposed for the diagnosis of PJI [6], but the utility in patients with IA is unclear. The aim of our systematic review is to evaluate 
serum and synovial fluid biomarkers and their efficacy at diagnosing PJI in patients with IA.  

Our comprehensive literature search retrieved 20 papers that studied biomarkers in PJI and included patients with IA. Of the 21 
studies included, 7 specifically addressed findings in IA patients and 14 included IA patients within a larger cohort. The following 
ranges of sensitivities and specificities for synovial biomarkers were investigated in three or more studies. These values reflect 
predictions of PJI versus aseptic failure: CRP elevation had a sensitivity ranging from 87.1 to 100% and a specificity of 28.85 to 97.7% 
[7–12]. WBC count elevation had a sensitivity of 60 to 91% and specificity of 51.4 to 94.3% [12–16]. IL-6 elevation had a sensitivity of 
82 to 97% and specificity of 89 to 100% [8,10,14,17]. IL-8 elevation had a sensitivity of 75 to 95% and specificity of 64.71 to 100% 

[8,9,11,17]. -defensin had a sensitivity of 97.3 to 100% and a specificity of 95.5 to 100% [10,11,18].  

Of the six studies that specifically addressed IA patients [7,9,15,16,18], Cipriano et al. performed the only one that directly 
compared results for PJI in IA vs. non-IA patients and showed that values for ESR, CRP and synovial WBC count and PMN percentage 
in patients with IA have a lower optimal diagnostic threshold and lower specificity (Table 1). Median value for serum CRP from three 
studies are summarized (Table 2), and demonstrates higher serum CRP in PJI-IA than aseptic-IA patients, although these findings 
could not be pooled for meta-analysis due to methodological differences. Additional data provided by the authors [7,9] allowed us 
to further calculate the median value for serum CRP in non-IA patients with PJIs which were lower than those of PJI IA patients but 
higher than IA patients without infection.  

Seven studies included data on -defensin, [9–11,18–21] and three of these papers specifically provided -defensin data on 

IA patients. Bonanzinga et al. reported on a cohort of 156 patients, including 9 patients with inflammatory disease. Of the nine 

IA patients, one had a PJI and had elevated -defensin and CRP levels compared to uninfected inflammatory disease patients 

(Table 3). Overall, the -defensin test showed one false-positive and four false-negatives. Erdemli et al. provided additional data 

on seven inflammatory arthritis patients included in their study. Two patients with PJI had rheumatoid arthritis (RA) and of five 

uninfected patients, one had systemic lupus erythematosus and four had RA. The -defensin test was negative (< 0.00 ng/mL) for 

the two patients with PJI and RA [9]. The mean and median value of -defensin for the aseptic group was 12.4 ng/mL and 15.0 

ng/mL respectively. Lastly, Patridge et al. discuss a case report of a patient with acute gout who had a false positive -defensin 

lateral assay Synovasure® test [19]. The results of the remaining four studies did not report on IA patients specifically, but included 
this population in their cohort (the results are summarized in Table 4). 

Il-6 levels were addressed in six studies, but none of these studies reported outcomes on specifically IA patients [9,10,14,17,22]. 

Colvin et al. reported on leukocyte esterase test for PJIs but also did not report outcomes for IA patients [23]. Although both these 
tests show utility for predicting PJI they are untested in IA patients.  



The available published studies addressing the diagnosis of PJI in patients with inflammatory arthritis is limited by small numbers. 
No synovial biomarker demonstrates high sensitivity and specificity for PJI in patients with IA. Diagnostic tests for synovial WBC count, 

serum CRP, -defensin appear higher in patients with inflammatory arthritis, but there is overlap between values seen in patients 

with inflammatory disease who are not infected. 
Serum ESR and CRP are known sensitive markers of PJI with poor specificity, however their use in the presence of IA is 

controversial owing to elevated basal levels that can potentially cause a false-positive result [16,24–26]. The combination of an 
elevated ESR and CRP with traditional thresholds has been shown to be a more accurate predictor of PJI than isolated elevations of 
ESR or CRP [24,25,27]. However, optimal threshold levels for these markers may vary for IA. Dizdaveric et al. found significantly higher 
mean levels of ESR and CRP in patients with IA compared with their non-inflammatory arthritis counterparts [28]. There is sparse 
literature on the topic and further studies are needed to elucidate whether the cutoff reference values are different in IA patients 
than in the general population. These thresholds can be affected by multiple factors including time of aspiration, effect of disease-
modifying anti-rheumatic drugs (DMARDs) or other treatments, or stage of inflammatory condition (flared versus controlled disease). 

It is important to note that adipose tissue can affect IL-6 levels [29], and thus these levels may be elevated in obese patients. 
Furthermore, metal corrosion can affect serum ESR and CRP levels as well as synovial alpha-defensin levels [18], making it difficult 
to diagnose PJI. 

TABLE 1. Cipriano et al. [16] outcomes summary 

Test Threshold Sensitivity Specificity 

ESR Non-IA 32 mm/hr 87.2% 67.1% 

IA 30 mm/hr 94.4% 59.4% 

CRP Non-IA 15 mg/L 85.8% 83.4% 

IA 17 mg/L 93.8% 70.3% 

SFWBC Non-IA 3,450 cells/µL 91.0% 93.0% 

IA 3,444 cells/µL 88.2% 80.0% 

SFPMN% Non-IA 78% 95.5% 87.3% 

IA 75% 100% 81.8% 

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IA, inflammatory arthritis;  
SFWBC, synovial fluid white blood cell count; SFPMN%, synovial fluid polymorphonuclear percentage 

 
 

TABLE 2. Median values for serum CRP (mg/L) 

Author n 
CRP  

PJI IA  
n 

CRP 

Aseptic-IA 
n 

CRP 

PJI non-IA 

Tetreault [7] 5 68.3 8 19.1 27 45.15 

Erdemeli [9] 2 26 6 3.56 36 25 

Bonanzinga [18] 1 26.5 6 2.35 —  n/a 

CRP, C-reactive protein; IA, inflammatory arthritis; PJA, periprosthetic joint infection 



 

TABLE 3. Summary of Bonanzinga et al. [18] inflammatory patients 

Inflammatory Disease Infection Status CRP (mg/L) α-defensin (S/CO) 

Eczema Aseptic 0.94 0.2 

Irregular antibodies Aseptic 1.04 < 0.1 

Crohn’s Disease Aseptic 0.59 < 0.1 

RA PJI 26.5 7.1 

CLL Aseptic 3.1 < 0.1 

Psoriasis Aseptic 9.77 < 0.1 

Psoriasis Aseptic 5.88 < 0.1 

RA Aseptic 1.67 < 0.1 

SLE Aseptic 3.03 < 0.1 

CLL, chronic lymphatic leukemia; CRP, C-reactive protein; PJI, periprosthetic joint infection;  
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; S/CO, signal cutoff ratio 

 
 
 
 
 

TABLE 4. Summary of α-defensin results  

Study Population False Positive False Negative Sensitivity  Specificity 

Martin [21] 14 cases, no IA 
distinction 

2 1 80% 79% 

Frangiamore [20] 116 cases, no IA 
distinction 

2 1 n/a n/a 

Deirmengian [10] 95 cases, 11 IA  n/a n/a 100 100 

Deirmengian [11] 149 cases, 35 IA  5 1 97.3 95.5 

 

IA, inflammatory arthritis 
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