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value and accuracy of 0.14, 0.95, 0.67, 0.61 and 0.62, respectively, using 
a cut-off  level of 10 pg/mL.

Subsequently, Grosso et al. [8] prospectively examined serum 
IL-6 levels in 69 cases of revision shoulder arthroplasty; 24 cases 
categorized as infected and 45 as not infected based on periopera-
tive criteria (Table 3). The most commonly cultured bacteria was C. 
acnes (83% of cases) with CNSS the second most frequently cultured 
bacteria (16% of cases). Only 6 cases in the study had an elevated 
serum IL-6 level, 3 in the infected group and 3 in the not infected 
group. Serum IL-6 was found to have a sensitivity and specifi city of 
12% and 93%, respectively, using a cut-off  level of 5 pg/mL. 
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QUESTION 3: Is there a role for synovial fl uid white blood cell (WBC) count and diff erential in 
the diagnosis of shoulder periprosthetic joint infection (PJI)?

RECOMMENDATION: There may be a role, but synovial fl uid cell count and diff erential currently lacks diagnostic thresholds from shoulder-
specifi c literature.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

WBC count and polymorphonuclear leukocyte (PMN) percentage in 
synovial fl uid continue to be used as parameters in the diagnosis of 

PJI [1–10]. As an indirect marker, synovial fl uid WBC count and diff er-
ential has been used as a reliable tool for diagnosing PJI of the lower 

TABLE 3. Criteria for infection categories

Category Criteria

No infection All negative cultures (tissue or aspirate) and no preoperative or intraoperative* fi ndings of infection

Possible infection Negative preoperative or intraoperative* fi nding and 1 positive intraoperative culture

Probably infection >1 positive intraoperative culture and negative preoperative or intraoperative* fi ndings
or
At least 1 positive preoperative or intraoperative fi nding and 1 positive culture

Defi nite infection At least 1 positive preoperative or intraoperative* fi nding of infection and >1 positive intraoperative culture
or
1 positive preoperative (aspirate) culture and 1 positive intraoperative culture

Note: Positive preoperative aspirate has its own category because it is more defi nitive than these fi ndings.
*Preoperative or intraoperative fi ndings of infection: preoperative clinical signs (swelling, sinus tract, redness, drainage); positive ESR or CRP; 
positive frozen section; intraoperative gross fi ndings (e.g., pus, drainage, necrosis).
Reprinted with permission [8].
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extremity [3,8,11]. However, shoulder-specifi c data is limited. The 
shoulder presents a unique challenge in diagnosis due to frequent 
culture growth of low-virulent organisms [12–14].

To evaluate the existing literature for use of synovial WBC and 
diff erential in the diagnosis of shoulder PJI, a PubMed search was 
undertaken with the query: “(periprosthetic OR PJI) AND shoulder 
AND (white OR WBC) AND (synovial OR aspirate).” This search 
provided three articles for review of which one was pertinent [15].

In a multicenter analysis of C. acnes PJI cases (as defi ned by orig-
inal Musculoskeletal Infection Society (MSIS) criteria [16]), Nodzo et 
al. described the characteristics of the host infl ammatory response 
in 18 knees, 12 hips and 35 shoulders [15]. They identifi ed a signifi -
cantly lower mean value for synovial WBC count for the shoulder 
(750 cells/ mm3) compared to the knee (19,950 cells/ mm3). This was, 
however, similar to the average reported for the infected hips (500 
cells/ mm3). Interestingly, the neutrophil percentage was similar 
between shoulders (90%) and knees (92.5%), while signifi cantly lower 
for hips (61.0%). Unfortunately, while providing some insight into 
the infl ammatory response to a low-virulent pathogen, this limited 
dataset was unable to calculate a diagnostic threshold or calculate 
sensitivity and specifi city of synovial WBC for diagnosing PJI. As this 
analysis demonstrates a response commiserate with low-virulent 
infections of the hip, the diagnostic values reported for hip PJI (3,000 
cells / mm3 and 80% PMN) [3] may be the best current alternative. 

WBC count and PMN percentage can remain high up to three 
months after arthroplasty. This limits the test utility in the fi rst six 
postoperative weeks as a modifi ed threshold has not been identifi ed 
for the shoulder [17,18].

Compounding the uncertainty about the WBC count and PMN 
percentages as metrics that indicate shoulder PJI is the fact that 
shoulder synovial fl uid aspirations frequently yield litt le to no fl uid, 
a high percentage of “dry taps” [19,20].
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QUESTION 4: Is there a role for synovial cytokines in the diagnosis of shoulder 
periprosthetic (PJI)?

RECOMMENDATION: While not yet widely available, evaluation of cytokine levels in synovial fl uid shows promise in clarifying the probability of 
shoulder PJI. See Questions 2 and 5 (Section 1.2. Prevention: Intraoperative) for discussion of specifi c cytokine evaluations.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Although the majority of previous literature on the use of cytokines 
for PJI diagnosis was focused on hip and knee arthroplasty [1–4],

 there are a number of recent publications regarding shoulder PJI 
[5–13]. It is established that shoulder PJI is often caused by less viru-


