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cultured with conventional techniques. The concept is that organ-
isms ensconced in a biofi lm on the implant are loosened or released 
by this process, and are more readily cultured. 

There was some promising initial evidence from retrospective 
reviews that the sonication process increased the number of positive 
cultures, especially in patients who had been receiving antibiotics, 
or those who had previously negative cultures despite clinical and 
serological evidence of infection. However, these studies focused 
on lower extremity arthroplasty. A paper by Holinka et al. noted 
improved diagnostic accuracy with sonication (p = 0.008) compared 
to conventional cultures, but none of the 60 patients studied had an 
elbow prosthesis [1]. Similarly, a study by Achermann et al. reported 
on only one elbow implant in 37 cases, which signifi cantly limits the 
applicability of this information to the upper extremity [2]. 

There is only one study in the literature that is specifi c to the 
elbow. A review of 27 presumptively uninfected and 9 infected 
patients with a prosthetic elbow noted that while sonifi cation of 
removed elbow arthroplasty implants had a sensitivity of 89% and a 
specifi city of 100%, this did not diff er signifi cantly from the results 
of standard microbiological culture techniques at their institution 
(sensitivity 55%, specifi city 93%, p = 0.18 and p = 0.16, respectively). 
While this may represent a “beta-error” in which a true improve-
ment in the yield of sonication is obscured by insuffi  cient numbers 
to prove statistically signifi cance, in the eight years since this paper 
was published, we were unable to fi nd a more defi nitive or compel-
ling study [3,4]. 

A larger study of 53 shoulder arthroplasty patients examining 
the results of sonication of retrieved upper extremity implants has 
recently been published by Grosso et al. [5]. They found that the sensi-
tivity, specifi city, positive predictive value (PPV), negative predictive 
value (NPV) and accuracy of the cultures were not improved by soni-
cation (US) when compared to standard (S) techniques: Sensitivity 

96% (S) versus 96% (US), specifi city 75% (S) versus 64% (US), PPV 77% 
(S) versus 71% (US), NPV 95% (S) versus 95% (US) and accuracy 85% (S) 
versus 79% (US). None of these diff erences were statistically signifi -
cantly diff erent. Additionally, it is well-recognized that the micro-
biological fl ora of the shoulder, and the subsequent infections that 
result from it, are distinctly diff erent than that of the elbow. There-
fore, it is not advisable to directly compare (or extrapolate the fi nd-
ings of) one joint to the other.

To conclude, at the present time there is insuffi  cient evidence to 
either support or refute the utility of routine sonication of prosthetic 
elbow implants removed at the time of surgery in order to increase 
the yield or accuracy of cultures. Until a suffi  ciently-powered, 
prospective study has been performed demonstrating the effi  cacy of 
sonication to diagnose infection for revision elbow arthroplasty, we 
cannot support the routine use of this technology.
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QUESTION 5: Do molecular markers have a role in the diagnosis of elbow 
periprosthetic joint infection (PJI)?

RECOMMENDATION: Despite the presence of data related to the use of molecular markers for the diagnosis of infection in hip and knee arthro-
plasty, the role of molecular markers in the diagnosis of total elbow arthroplasty (TEA) infection remains unknown.

LEVEL OF EVIDENCE: Limited

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

RATIONALE 

An extensive literature search was performed to identify publica-
tions related to the use of molecular techniques for the diagnosis of 
PJI in TEA. Our detailed search revealed numerous articles in total 
hip and knee arthroplasty. From our search, 180 articles were ulti-
mately reviewed. A complete search of the abstracts, references and 
selectively full text from systematic reviews specifi c to TEA revealed 
there were only three studies with a total of only three elbows exam-
ining the use of molecular techniques to diagnose periprosthetic 
infection in TEA.

The alpha-defensin immunoassay and leukocyte esterase (LE) 
tests were recently reviewed in a systematic review and meta-analysis 
by Wyatt  et al. [1]. In this review, six studies examined alpha defensin; 
however, no TEAs were included. Five of the included studies utilized 

LE for the diagnosis of PJI and only one of these included a single TEA 
out of 52 prostheses examined [2]. In their study, Colvin at al. found a 
sensitivity, specifi city, positive predictive value and negative predic-
tive value of 100, 97, 95 and 100% respectively [2].

In another systematic review, Suen et al. [3] compared the 
“quick test” version of alpha-defensin to the laboratory-based 
test, which further led to a study by Sigmund et al. [4] which 
included hip, knee, shoulder and elbow revisions done for pain 
or instability in 49 patients. These authors found a sensitivity and 
specifi city of 69% and 94%, respectively, with a positive and nega-
tive likelihood ratio of 12.46 and 0.33, respectively. Again, unfor-
tunately this study only included a single patient with an elbow 
arthroplasty PJI. The larger systematic review found a pooled 
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sensitivity and specifi city of the laboratory assay to be 95 and 96% 
respectively, compared to the quick test lateral fl ow of 77 and 
91%, respectively, but again, only a single elbow arthroplasty was 
included in the pooled group. 

Finally, in a pilot study by Wouthuyzen-Bakker et al., synovial 
calprotectin was examined as a biomarker for PJI [5]. This test is 
att ractive because of the low cost, the possibility to obtain a quan-
titative value, the use of a lateral fl ow assay with the possibility to 
use it as a point of care test and its availability, as it is already used in 
routine care for other indications in most hospitals. Unfortunately, 
while this study included TEA, no PJIs were included in the TEA 
group. The single elbow examined was in a control group without 
infection. This pilot study revealed that synovial calprotectin had an 
overall sensitivity, specifi city, positive predictive value  and negative 
predictive value of 89%, 90%, 81% and 95%, respectively. 

Other biomarkers examined in a pooled meta-analysis by Lee et 
al. [6] included α-defensin, LE, interleukin (IL)-6 and IL-8. The overall 
sensitivity of these molecular tests was 85% compared to culture, 
which was 80%. Alpha-defensin in this study had the highest diag-
nostic odds ratio. Unfortunately, all studies included hip and knee 
arthroplasties and not a single study examined TEA. 

Of signifi cant note, despite their ability to identify PJIs with 
a high likelihood in most other joints, all biomarkers utilized in 
these studies require some element of polymorphonuclear cells 
to be present in the synovial fl uid for detection. These tests do not 
discriminate between other infl ammatory conditions and infection, 
which would be the most useful to surgeons. Specifi cally, as infl am-
matory conditions have historically been the primary indication for 
surgical intervention about the elbow, a test to discriminate between 

infection and other infl ammatory conditions such as rheumatoid 
arthritis or gout does not yet exist.

Nevertheless, as these tests have shown promise in PJI in other 
joints, studies should be undertaken specifi c to the elbow. However, 
at this time conclusions are diffi  cult to draw given the lack of clinical 
data specifi c to the elbow, which forms the basis of our recommen-
dation.

REFERENCES 
[1] Wyatt  MC, Beswick AD, Kunutsor SK, Wilson MJ, Whitehouse MR, 

Blom AW. The alpha-defensin immunoassay and leukocyte esterase colo-
rimetric strip test for the diagnosis of periprosthetic infection: a system-
atic review and meta-analysis. J Bone Joint Surg Am. 2016;98:992–1000. 
doi:10.2106/JBJS.15.01142.

[2] Colvin OC, Kransdorf MJ, Roberts CC, Chivers FS, Lorans R, Beauchamp CP,
et al. Leukocyte esterase analysis in the diagnosis of joint infection: can we 
make a diagnosis using a simple urine dipstick? Skeletal Radiol. 2015;44:673–
677. doi:10.1007/s00256-015-2097-5.

[3] Suen K, Keeka M, Ailabouni R, Tran P. Synovasure “quick test” is not as 
accurate as the laboratory-based α-defensin immunoassay: a systematic 
review and meta-analysis. Bone Joint J. 2018;100-B:66–72. doi:10.1302/0301-
620X.100B1.BJJ-2017-0630.R1.

[4] Sigmund IK, Holinka J, Gamper J, Staats K, Böhler C, Kubista B, et al. Quali-
tative α-defensin test (Synovasure) for the diagnosis of periprosthetic 
infection in revision total joint arthroplasty. Bone Joint J. 2017;99-B:66–72. 
doi:10.1302/0301-620X.99B1.BJJ-2016-0295.R1.

[5] Wouthuyzen-Bakker M, Ploegmakers JJW, Kampinga GA, Wagenmakers-
Huizenga L, Jutt e PC, Muller Kobold AC. Synovial calprotectin: a potential 
biomarker to exclude a prosthetic joint infection. Bone Joint J. 2017;99-
B:660–555. doi:10.1302/0301-620X.99B5.BJJ-2016-0913.R2.

[6] Lee YS, Koo KH, Kim HJ, Tian S, Kim TY, Maltenfort MG, et al. Synovial fl uid 
biomarkers for the diagnosis of periprosthetic joint infection: a system-
atic review and meta-analysis. J Bone Joint Surg Am. 2017;99:2077–2084. 
doi:10.2106/JBJS.17.00123.

•    •    •    •    •
Authors: Jonathan Barlow, Joaquin Sanchez-Sotelo

QUESTION 6: What are the diagnostic criteria for elbow periprosthetic joint infection (PJI)? 
(Clinical criteria, radiographic criteria, intraoperative fi ndings, pathology, cultures and serum 
biomarkers.)

RECOMMENDATION: The following three parameters provide a defi nitive diagnosis of elbow PJI:
• A sinus tract that is communicating with the prosthesis (Strength: Strong)
• Isolation of identical pathogens from two or more separate cultures (tissue or articular fl uid) obtained under  sterile conditions

(Strength: Strong)
• Presence of intra-articular pus (Strength: Consensus)

The following criteria are concerning for infection and should be considered in aggregate (Strength: Limited):
• Warmth, redness, swelling of the elbow
• Elevated serum infl ammatory markers (erythrocyte sedimentation rate (ESR), C-reactive protein  (CRP)) – except in cases of infl ammatory 

arthropathies
• Elevated synovial white blood cell (WBC) count
• Elevated synovial polymorphonuclear percentage
• Isolation of organism from one sample (tissue or articular fl uid)
• Histologic evidence of acute infl ammation
• Early unexpected component loosening
• Endosteal scalloping, rapid progressive loosening on radiographs

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 92%, Disagree: 8%, Abstain: 0% (Super Majority, Strong Consensus)

RATIONALE

The limited total number of total elbow arthroplasty (TEA) infec-
tions reported in the literature makes the assessment of preoperative 

factors consistent with infection challenging. In addition, limited 
early recognition of the role of low-grade, indolent infections (Staph-


