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Abstract
Assessment of a new diagnostic test must be performed against an acceptable and validated standard to allow
comparison with other studies. We are concerned that the adoption of lower diagnostic criteria in this paper has
contributed to an over-diagnosis of prosthetic joint infection and makes interpretation of the results difficult.
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Main text
We read with interest the paper from Morgenstern et al.
(2020) [1] reporting on microcalorimetry in the diagnosis of prosthetic joint infection (PJI). This is a novel and
promising technique which merits assessment in this important clinical indication. However, we are concerned
about the ‘gold standard’ used to diagnose PJI and the
misleading referencing in this study.
The paper reports 107 hip and knee cases, but only 69
(65%) had surgery, and of these, only 61(57%) had tissue
culture, 48(45%) had histological analysis and 28(26%)
had sonication cultures. The others had diagnosis defined largely on preoperative synovial fluid analysis.
In assessing a new test, it is essential to use a robust
definition of PJI which has been validated. This study
uses an unvalidated definition which they describe as
their ‘institutional criteria’. PJI was diagnosed with a synovial leukocyte count > 2000 cells/μl or > 70% granulocytes or positive histology with ≥2 granulocytes/high
power field. These figures are supported with 9 references but 6 are from the same author group and provide
no validation data for these cut-offs. The only fully
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independent reference [2] concluded that > 4200 and >
80% was appropriate in PJI of the hip, possibly reducing
to > 3000 only if serum C-reactive protein was included
in the definition.
Similarly, the quoted reference for histology [3] describes ≥23 granulocytes per 10 high power fields; not
≥2 per single field. It should be noted that 2 cells in 1
field is not similar to 23 cells over 10 fields. In aseptic
loosening, it is much easier to find one piece of tissue
which has some minor inflammation (1 or 2 granulocytes) due to mechanical irritation. Finding 23 granulocytes across multiple fields is much more indicative of
infection. Therefore, choosing 2 granulocytes in one field
is a much lower threshold than 23 in 10 and cannot be
regarded as similar just because 2 in 1 is mathematically
close to the average of 23 in 10.
This is important as all the parameters have been reduced, making overdiagnosis of PJI more likely, particularly when tissue culture is negative or not performed, as
was common in this study. It is not appropriate to simply
claim increased sensitivity of diagnosis in this way. Increased sensitivity is almost always achieved by reduction
in specificity. In two previous studies [4, 5] the 2000 cells/
μl cut-off gave specificities of 89 and 75% respectively.
The study confirms this bias with its very high culture
negative rate. PJI is caused by the presence of bacteria in
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the joint. In patients diagnosed with PJI, only 45% (15/
33) of the tissue cultures performed grew bacteria, which
is one of the lowest reported rates in the literature. Only
39% (18/46) of synovial fluid cultures were positive and
only 59% (10/17) of sonicate fluids, in patients claimed
to have PJI. This is surprising as this same group has repeatedly published that sonication will identify around
80% of organisms in PJI, even in patients receiving antibiotics. In their previous study [6], they claimed that
21% of infections could be missed by the older definitions of PJI. In this new study, we are told that between
55 and 61% are being missed by accepted bacteriological
protocols, from a laboratory which specializes in bone
and joint infection. We believe that this supports our
view that the combination of reduced tissue diagnoses,
lower cell counts, lower histology criteria and missing
investigations all contribute to overdiagnosis of PJI.
The authors regard preoperative histology as ‘not feasible’ quoting two references for this statement [7, 8]
which do not mention preoperative histology at all. This
ignores preoperative percutaneous needle synovial biopsy which is well studied.
This study is at best misleading and gives the impression that it is reporting a validated and accepted PJI definition. The lowering of diagnostic cut-offs to arbitrary
levels and the low percentage of intraoperative sampling
makes it impossible to fairly evaluate microcalorimetry
or to compare this method with other diagnostic tests.
Perhaps publication of the raw data for each patient
would help elucidate the actual rate of PJI in the study
and the efficacy of microcalorimetry.
Yours sincerely,
Professor Martin McNally, The Bone Infection Unit,
Nuffield Orthopaedic Centre, Oxford University Hospitals, Oxford, UK.
Dr Marjan Wouthuyzen-Bakker, Department of
Medical Microbiology and Infection Prevention, University of Groningen, University Medical Center Groningen,
Netherlands.
Professor Ricardo Sousa, Porto Bone Infection Group
(GRIP), Orthopaedic Department, Centro Hospitalar
Universitário do Porto, Portugal.
Dr Bridget Atkins, The Bone Infection Unit, Nuffield
Orthopaedic Centre, Oxford University Hospitals, Oxford, UK.
Professor Alex Soriano, Head of Infectious Diseases
Department, Hospital Clinic of Barcelona, Spain.
Abbreviation
PJI: Prosthetic joint infection
Acknowledgements
N/R
Authors’ contributions
All authors compiled, edited and approved the contents of the letter.

Page 2 of 2

Funding
N/R
Availability of data and materials
N/R

Declarations
Ethics approval and consent to participate
N/R
Consent for publication
N/R
Competing interests
The authors declare no competing interests in this submission. We have
received no funding, directly or indirectly related to the content of this letter.
All authors are members of the European Bone & Joint Infection Society
(EBJIS).
Author details
1
The Bone Infection Unit, Nuffield Orthopaedic Centre, Oxford University
Hospitals, Oxford, UK. 2Department of Medical Microbiology and Infection
Prevention, University of Groningen, University Medical Center Groningen,
Groningen, Netherlands. 3Porto Bone Infection Group (GRIP), Orthopaedic
Department, Centro Hospitalar Universitário do Porto, Porto, Portugal. 4Head
of Infectious Diseases Department, Hospital Clinic of Barcelona, Barcelona,
Spain.
Received: 29 June 2020 Accepted: 25 February 2021

References
1. Morgenstern C, Renz N, Cabric S, Maiolo E, Perka C, Trampuz A.
Thermogenic diagnosis of periprosthetic joint infection by microcalorimetry
of synovial fluid. BMC Musculoskeletal Dis. 2020;21:345. https://doi.org/10.11
86/s12891-020-03366-3.
2. Schinsky MF, Della Valle CJ, Sporer SM, Paprosky WG. Perioperative testing
for joint infection in patients undergoing revision total hip arthroplasty. J
Bone Joint Surg Am. 2008;90:1869–75.
3. Krenn V, Morawietz L, Perino G, Kienapfel H, Ascherl R, Hassenpflug GJ,
Thomsen M, Thomas P, Huber M, Kendoff D, et al. Revised histopathological
consensus classification of joint implant related pathology. Pathol Res Pract.
2014;210:779–86.
4. Trampuz A, Hanssen AD, Osmon DR, Mandrekar J, Steckelberg JM, Patel R.
Synovial fluid leukocyte count and differential for the diagnosis of
prosthetic knee infection. Am J Med. 2004;117:556–62.
5. Sousa R, Serrano P, Gomes Dias J, Oliveira JC, Oliveira A. Improving the
accuracy of synovial fluid analysis in the diagnosis of prosthetic joint
infection with simple and inexpensive biomarkers: C-reactive protein and
adenosine deaminase. Bone Joint J. 2017;99-B(3):351–7.
6. Renz N, Yermak K, Perka C, Trampuz A. A. alpha defensin lateral flow test for
diagnosis of periprosthetic joint infection. Not a screening but a
confirmatory test. J Bone Joint Surg [Am]. 2018;100:742–50.
7. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J
Med. 2004;351:1645–54.
8. Trampuz A, Piper KE, Jacobson MJ, et al. Sonication of removed hip and
knee prostheses for diagnosis of infection. N Engl J Med. 2007;357:654–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

