
Section 2   Diagnosis 571

lent organisms than those in the hip or knee [5,7,12,14] with the most 
common microorganisms being- Cutibacterium acnes and coagulase 
negative Staph. Therefore, even though shoulder PJI might share 
some common characteristics to hip and knee PJI, a direct compar-
ison is not suitable and more research specifi c to shoulder PJI is 
needed to establish concrete guidelines for the role of cytokines in 
these diagnoses [2,8,12].

Literature regarding cytokines (including interleukins IL-2, 
IL-4, IL-6, IL-8, IL-10) shows consensus that IL-6 is the most relevant 
cytokine biomarker for predicting shoulder PJI. Evidence supports 
that IL-6 has a sensitivity and specifi city of approximately 90% and 
95% respectively, as well as improved diagnostic accuracy when 
combined with IL-8 and IL-10 [7,9,11,15]. However, there remains 
some controversy regarding the use of IL-6 to determine resolu-
tion of infection after antibiotic and surgical treatment of PJI [16,17]. 
Applying this to current Musculoskeletal Infection Society criteria, 
IL-6 may be a useful adjunct however for diagnosis of resolution of 
infection although determination of resolution of infection still 
requires negative cultures and return of C-reactive protein and 
erythrocyte sedimentation rate to normal levels [11]. Cytokines were 
found to have the highest correlations with positive frozen sections 
[7], suggesting that the combination of cytokines and frozen sections 
may be a possible avenue for recommendations. The use of lateral 
fl ow immunoassay technique (QuickLine IL-6 Test) for IL-6 during 
surgery allows for rapid assessment of synovial fl uid (17), but while it 
provides an acceptable specifi city (97.6%), it has a weaker sensitivity 
(46.9%) [6]. 

Several published reports [7,9] describe cytokines as a strong 
predictor for shoulder PJI: one study with level 2 evidence [9], two 
level 3 [7,16], one level 4 [18], and one of level 5 [17]. The cutoff s for 
what constitutes a positive test are not well established and based 
on the frequently minimal infl ammatory response to shoulder PJI, 
as suggested by Frangiamore et al., cytokine values for the diag-
nosis of shoulder PJI will likely be lower than those established for 
hip or knee infections. It also must be considered that there are 
studies reporting no infection with a cutoff  under 10,000 pq; making 
imperative the need for other diagnostic tools for the assessment of 
shoulder PJI. 

Although synovial fl uid cytokines show promise as a preop-
erative or intraoperative tool to diagnose shoulder PJI, further 
validation is needed in the sett ing of shoulder PJI specifi cally, 
appropriate cutoff  values must be further defi ned, and the tests 
must become rapid, aff ordable and widely available in order to 
truly impact clinical care. 
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QUESTION 5: Is there a role for synovial fl uid tumor necrosis factor-alpha (TNF-α) and 
interleukin (IL)-2 in the diagnosis of shoulder periprosthetic joint infection (PJI)?

RECOMMENDATION: There is a potential role for synovial fl uid TNF-α and IL-2 in the diagnosis of shoulder PJI when interpreted in combination 
with other synovial fl uid markers. TNF-α and IL-2 may not be as useful individually. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 96%, Disagree: 0%, Abstain: 4% (Unanimous, Strongest Consensus)
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RATIONALE 

Several meta-analyses have been performed on synovial biomarkers 
in the hip and knee PJI literature, but with limited reports specifi -
cally on IL-2 and TNF-α [1,2]. In the only published article in the liter-
ature investigating the role for synovial fl uid TNF-α and IL-2 in the 
diagnosis of shoulder PJI, Frangiamore et al. [3] prospectively exam-
ined intraoperative levels of 9 synovial fl uid cytokines (IL-6, GM-CSF, 
IL-1β, IL-12, IL-2, IL-8, IFN-γ, IL-10, TNF-α) in 75 cases of revision shoulder 
arthroplasty; 28 cases categorized as infected and 47 as not infected 

based on perioperative criteria (Table 1). The most commonly 
cultured bacteria was C. acnes (67% of cases), with coagulase-negative 
Staphylococcus spp (CNSS) as the second most frequently cultured 
bacteria (25% of cases). Synovial IL-6, GM-CSF, IFN-γ, IL-1β, IL-2, IL-8 
and IL-10 were signifi cantly elevated in cases classifi ed as infected; 
while IL-6, IL-1β, IL-2, IL-8 and IL-10 were signifi cantly elevated in cases 
with C. acnes culture growth. Levels of all cytokines, except TNF-α, 
were signifi cantly higher in revision cases, with at least one positive 

intraoperative frozen section compared to those with no positive 
frozen sections, and moderately and signifi cantly positively corre-
lated (r = 0.41-0.68) with the total number (and percentage) of posi-
tive cultures per case. Individually, IL-6, IL-1β, IL-8 and IL-10 showed 
the best combined sensitivity and specifi city for predicting infection 
(Table 2). TNF-α was found to have an area under the curve (AUC) of 
0.60 with a high sensitivity (92%) and low specifi city (33%), while IL-2 
was found to have an AUC of 0.70 with a low sensitivity (54%) and 
high specifi city (87%). 

While TNF-α and IL-2 did not perform as well as some of the 
other markers when assessed individually, combinations of syno-
vial cytokines were also assessed for diagnostic performance using 
logistic regression analysis. A statistical model consisting of IL-6, 
TNF-α and IL-2 was found to have the optimal predictive power 
and showed bett er diagnostic test characteristics than any syno-
vial cytokine alone with an AUC, sensitivity, specifi city, positive 
and negative predictive value, and positive and negative likelihood 

ratio of 0.87, 0.80, 0.93, 0.87, 0.89, 12.0 and 0.21, respectively (Table 2). 
A nomogram of the statistical model was developed and used to 
predict likelihood of infection for a patient. 

While testing synovial fl uid cytokine levels intraoperatively 
hold promise, these assays are not widely available at the present 
time and further study is needed.
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TABLE 1. Periprosthetic shoulder infection criteria

Category Criteria

Defi nite Infection At least 1 positive preoperative or intraoperative fi nding of infection* and more than 1 positive culture 
(preoperative or intraoperative)
or
One positive preoperative culture (aspirate) and 1 positive intraoperative culture with the same organism

Probable Infection At least 1 positive preoperative or intraoperative fi nding of infection* and one positive culture (preoperative 
or intraoperative
or
No preoperative or intraoperative fi ndings of infection* and more than one positive culture (preoperative 
or intraoperative)

Probably Contaminant No preoperative or intraoperative fi ndings of infection* and one positive culture (preoperative or 
intraoperative)

No Evidence for Infection No preoperative or intraoperative fi ndings of infection* and no positive cultures (preoperative or 
intraoperative)

*Preoperative or intraoperative fi ndings of infection:
• Preoperative clinical signs (swelling, sinus tract, redness, drainage).
• Positive result on serum erythrocyte sedimentation rate or C-reactive protein analysis. Intraoperative gross fi ndings (purulent 

drainage, necrosis).
• Positive intraoperative frozen section. 

Reprinted with permission [3].
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TABLE 2. Synovial fl uid cytokine diagnostic test characteristic for infection

Cytokine AUC* Optimal Cut-off * (pg/mL) Sensitivity Specifi city PPV NPV LR+ LR-

IL-6 0.87 453.6 0.82 0.87 0.79 0.89 6.4 0.20

GM-CSF 0.70 1.5 0.54 0.85 0.68 0.75 3.6 0.55

IFN-γ 0.69 4.9 0.60 0.80 0.62 0.78 3.0 0.50

IL-1β 0.80 3.6 0.71 0.87 0.77 0.84 5.6 0.33

IL-12 0.60 6.0 0.36 0.94 0.77 0.71 5.6 0.69

IL-2 0.70 1.6 0.54 0.87 0.71 0.76 4.2 0.53

IL-8 0.78 1502.4 0.71 0.79 0.67 0.82 3.4 0.36

IL-10 0.76 28.1 0.72 0.82 0.69 0.84 4.0 0.34

TNF-α 0.60 4.5 0.92 0.33 0.43 0.88 1.4 0.24

Combined† 0.87 0.4 0.80 0.93 0.87 0.89 12.0 0.21

+, positive; -, negative; AUC, area under the curve; GM-CSF, granulocyte macrophage colony-stimulating factor; IFN, interferon; IL, interleukin; 
LR, likelihood ration; NPV, negative predictive value; PPV, positive predictive value; TNF, tumor necrosis factor.
* AUC and optimal cutoff  were determined using receiver operating characteristics curves. Sensitivity, specifi city, PPV, NPV, LR+, and LR were 
determined from the receiver operating chararteristic curve analysis. 
† Represents the diagnostic test characteristics of the combined 3-cytokine (IL-6, TNF-α, IL-2) model found to have the optimal predictive power.
Reprinted with permission [3].
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QUESTION 6: Is there a role for synovial fl uid leukocyte esterase strip testing in the diagnosis of 
shoulder periprosthetic joint injection (PJI)?

RECOMMENDATION: Given the current evidence, there is no role for synovial fl uid leukocyte esterase (LE) strip testing in the diagnosis of 
shoulder PJI. 

LEVEL OF EVIDENCE: Limited

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

RATIONALE

Several meta-analyses [1–5] have been performed on synovial 
biomarkers in the hip and knee PJI literature, with multiple markers 
showing very good diagnostic test characteristics, including syno-
vial LE strip testing. Lee et al. [1] found that the sensitivity, speci-
fi city, diagnostic odds ratio (DOR) and area under the curve (AUC) 
for synovial LE strip testing was 0.77, 0.95, 4.57 and 0.92, respectively, 
in one of these recent meta-analyses. Wyatt  et al. [4] found that the 
sensitivity, specifi city and AUC for synovial LE strip testing was 0.81, 
0.97, and 0.97, respectively, in another of these recent meta-analyses. 
However, these results have not been replicated in the shoulder, 
likely due to the indolent nature of the common infecting organ-
isms in the shoulder, Cutibacterium acnes (C. acnes) and coagulase-
negative Staphylococcus species (CNSS).

In the only published article in the literature investigating the 
role for synovial fl uid LE strip testing in the diagnosis of shoulder 
PJI, Nelson et al. [5] prospectively performed leukocyte esterase strip 

testing in 45 cases of primary shoulder arthroplasty and 40 cases 
of revision shoulder arthroplasty. Diagnosis of PJI was made based 
on Musculoskeletal Infection Society criteria. Ten patients (all revi-
sions) met criteria for true PJI (n = 7) or potential PJI (n = 3). The 
sensitivity of LE strip testing, when including all of these patients 
as meeting the diagnosis of PJI, was only 30% and the specifi city was 
only 67%. Positive predictive value was 43% and negative predictive 
value was 83%. When looking just at the presence of positive cultures, 
LE strip testing still had only a sensitivity of 25% and specifi city of 75% 
for predicting a positive culture in the revision cases. In addition, a 
signifi cant proportion of samples in the study were considered inde-
terminate (13.3% of primary samples and 22.5% of revision samples) 
because the aspirate was too bloody to interpret even after centrifu-
gation. The authors concluded from this study that LE strip testing 
is an unreliable diagnostic test in shoulder PJI and should not be 
routinely used in the shoulder. 


