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Antibiotic therapy alone does not have a
high success rate in cases of unexpected
positive cultures in intraoperative samples
from hip and knee prosthesis revision
Bernd Fink1,2* and Michael Schlumberger1

Abstract

Background: Unexpectedly positive bacterial cultures during prosthesis revision surgery still occur on occasion
despite good preoperative diagnostics. In such cases a six-week antibiotic therapy without further surgical
intervention is recommended. The aim of this study was to find out how successful this procedure is.

Methods: In a study of 508 patients, who required revision surgery of total hip (THA, n = 231) or knee arthroplasties
(TKA, n = 277) because of component loosening, biopsy was carried out before their surgery. The collected tissue
samples (5) from the biopsy and the revision surgery procedure itself were analyzed according the criteria of the
International Consensus Meeting (ICM). Tests revealed 11 patients (7 THA, 4 TKA) with unexpectedly positive
bacterial cultures from tissue samples obtained during the revision surgery due to false negative preoperative
diagnostic results. These 11 patients were treated with 6 weeks antibiotic therapy and examined with a follow-up of
at least 2 years (42.2 ± 16.5 months).

Results: Five patients (2 TKA, 3 THA) became reinfected, resulting in a success rate of 54.5%.

Conclusion: Antibiotic therapy alone of an unexpected positive intraoperative bacterial culture in prosthesis
revision surgery seems to be less successful than previously assumed.

Keywords: Periprosthetic joint infection, Positive culture intraoperative, Antibiotic treatment

Background
Periprosthetic joint infection (PJI) is a severe complica-
tion of joint replacement surgery, with an incidence ran-
ging between 1 and 2% after primary and between 2 and
6% after revision arthroplasty [1–3]. However, some
studies report PJI to be the most common cause for revi-
sion in the first 5 years following primary arthroplasty
[1, 4–6]. The accuracy of the preoperative diagnosis of

possible infection becomes especially important in cases
of loosened and painful joint endoprostheses because
the presence of a PJI would result in significant changes
to the subsequent therapeutic procedures [7, 8].
However, despite all efforts of preoperative diagnostic

procedures prior to prosthesis revision surgery, negative
preoperative results can occasionally be followed by
positive bacterial cultures of several tissue samples ob-
tained during the revision surgery. Thus, the preopera-
tive results can then be described as false negatives and,
by definition, a periprosthetic infection can be declared.
This situation is called “positive intraoperative culture”
or “type 1 infection” in the most commonly used
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classification by Tsukayama et al. [9]. In the few, mostly
older studies, the incidence of “type 1 infections” in
prosthesis revisions is reported to be between 1.6 and
29.2% depending on the quality of the preoperative in-
fection diagnostic procedures [9–13]. The recommenda-
tion is to treat this “type 1 infection” with a six-week
administration of antibiotic without any further surgical
intervention [9–13]. The chances of success of this pro-
cedure are stated to be between 81 and 100% in the few
published reports in the literature [10–12, 14]. However,
all the published reports are older and at that time pre-
operative diagnostic procedures were not the norm. The
diagnostic procedures for detecting PJI were started in-
traoperatively at that time by taking culture samples
during revision surgery [10–12, 14]. In addition, the
current criteria for defining a periprosthetic infection
were not available for application at that time [10–12,
14] and sometimes an insufficient number of intraopera-
tive tissue samples (less than 5) were obtained [12, 15].
Therefore, it cannot be ruled out that some of the pa-
tients in those early studies were wrongly classified as
PJI due to false positive intraoperative diagnostics and
therefore a falsely high rate of success was determined
for the sole antibiotic therapy of “type 1 infections”.
Moreover, in cases of true PJI, when diagnostic proce-

dures are initiated during revision surgery, the evidence
of a bacterial infection in the intraoperative samples only
appears after several days of cultivation (up to 14 days
depending on the microorganism) [16, 17]. Therefore,
any bacteria present in situ during this period would
have had time to form a biofilm on the revision implant.
Even though formation of a mature biofilm takes around
4 weeks, susceptibility of the bacteria to antibiotics is re-
duced within the first 2 weeks of infection [18, 19].
Therefore, a high success-rate of antibiotic treatment
alone in these cases seems to be questionable. In
addition, in a similar situation of two-stage septic revi-
sions, where positive bacterial cultures arise from tissue
samples taken at the second stage of reimplantation,
antibiotic therapy alone has been reported to be associ-
ated with a significantly higher reinfection rate of 45.5
and 45.8% [20, 21].
It therefore remains unclear whether, taking into ac-

count preoperative diagnostic procedures and modern
PJI criteria, a high probability of success can still be ex-
pected with 6 weeks of antibiotic therapy alone in the
event of unexpected intraoperative positive cultures in
several samples (type 1 infection).
Therefore, the aim of this study was to assess the abil-

ity of antibiotic therapy to treat unexpected positive cul-
tures that arose during aseptic revision arthroplasty. The
results were used to test our hypothesis that 6 weeks of
antibiotic therapy alone do not have a sufficient success
rate in type 1 infection.

Methods
A prospective study investigated a continuous series of
508 patients (253 female, 255 male) who required revi-
sion surgery of total hip (THA, n = 231) or knee arthro-
plasties (TKA, n = 277) because of component loosening
[22]. Out of this 178 cases (113 THA, 65 TKA) had peri-
prosthetic joint infection (PJI), as classified with the bac-
teriologic, histologic and serologic analyses at revision
surgery using the ICM-2018 criteria [23].
Before revision surgery all 508 patients underwent a

diagnostic intervention that involved blood C-reactive
protein (CRP)-analysis and aspiration of the joint as
well as biopsy of the periprosthetic tissue according
to the methods already described in previous publica-
tions [22, 24, 25].
Briefly, both joint aspiration and biopsy techniques

were carried out under sterile conditions in the operat-
ing theatre under general anaesthesia. At the hip the as-
piration was performed using an antero-lateral approach
under image intensifier control as described by Kilcoyne
et al. [26]. At the knee the aspiration was performed at
the suprapatellar recessus. For optimum results the
harvested fluid was immediately injected into vials
containing BD BACTEC-PEDS-PLUS/F-Medium (Bec-
ton Dickinson, Heidelberg, Germany) [27]. The biopsies
were obtained using arthroscopic biopsy forceps intro-
duced via a small antero-lateral approach at the hip
under image intensifier control, and an antero-lateral ap-
proach at the knee (as used in arthroscopic surgery) and
were taken from the periprosthetic tissue in five different
areas, close to the prosthesis. Afterwards, five tissue
samples were obtained for histological examinations.
Prophylactic peri-operative antibiotics as a single dose of
cephalosporin (2 g of Cefazoline) were administered
once all samples had been obtained.
During the revision surgery itself samples were taken

from 5 different areas of the periprosthetic membrane.
In addition, five samples from the periprosthetic con-
nective tissue membrane associated with the loosened
prosthesis were obtained for histological assessment. In
the aseptic expected revision surgeries irrigation with
antiseptic solution (Lavasurge = Ringer solution with
0.04% Polihexanid, B. Braun, Melsungen, Germany) was
used. In septic revision additionally a second antiseptic
solution (Octenisept = 0.1% Octenidindihydrochlorid +
2% Phenoxyethanol, Schülke & Mayr GmbH, Norder-
stedt, Germany) was used for minmum 3min and than
washed out.
The biopsy samples and the tissue samples of the

revision surgery were each placed in sterile tubes and
transferred together with the aspirated fluid to the
microbiological laboratory within an hour of sampling.
Patient specimens were processed immediately after ar-
rival at the laboratory. PEDS culture vials were treated
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with Fastidious Organism Supplement (FOS) (Becton
Dickinson, Heidelberg, Germany), and incubated using
the BD BACTEC 9050 automatic blood culture system
(Becton Dickinson, Heidelberg, Germany). Cultures were
discontinued and declared negative if no growth was re-
ported after 14 days according to Schäfer et al. [17]. For
cultivation tissue specimens were thoroughly minced
under sterile conditions. Aerobic and anaerobic culture
and gram staining was performed with all tissue suspen-
sions. Media were checked daily for bacterial growth.
Broths that remained clear were incubated for 14 days
until the specimen was declared negative as described by
Schäfer et al. [17]. Turbid broths were subcultured onto
appropriate agar plates. Microorganisms were identified
by standard microbiological procedures including bio-
chemical characterization with the API system (BioMer-
ieux, Nuertingen, Germany) in case of anaerobic strains
or anaerobic bacterials. Antibiotic susceptibility testing
was performed by disk diffusion or dilution methods ac-
cording to the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines. In all other cases we used Vitek
II (BioMerieux, Nuertingen, Germany) for identification
and antibiotic susceptibility testing.
The results were analysed according to the ICM-2018-

Definition [23] whereby a synovial membrane sample
was regarded as positive when at least one of the follow-
ing conditions had been fulfilled:

1. Demonstration of the same pathogen in at least two
of the samples.

2. Demonstration of a pathogen in at least one sample
and demonstration of at least five neutrophilic
polymorph leukocytes in five high power field (×
400) in the associated histological preparation and
an elevated CRP-value (> 10 mg/L) as described in
the ICM-2018-Definition [23].

The presence of bacteria in only one sample without
any histological confirmation was regarded as a result of
contamination during the sampling procedure or during
the incubation period, in accordance with Virolainen
et al. [28].
The data of this group and the value for this diagnostic

procedure (biopsies and its combination with aspiration
and blood CRP-analysis) of these 508 patients was previ-
ously published and showed a sensitivity of 93.8%, a spe-
cificity of 97.3%, a positive predictive value (PPV) of
94.9%, a negative predictive value (NPV) of 96.7%, and
an accuracy of 96.1% [22]. The mean age of the 508 pa-
tients was 68 ± 10 (30–87) years. Revision surgery was
carried out 38.6 ± 38.1 months (3–210 months) after pri-
mary implantation.
Eleven of the 508 patients (2.2%) (7 THA and 4 TKA)

had unexpected PJI because of positive intraoperative

cultures at revision surgery in at least two tissue samples
(out of 5 samples) and pre-operative false-negative diag-
nostics using C-reactive protein, aspiration and tissue
biopsy for culture analysis and applying the ICM 2018-
Criteria [23]. In 10 of these 11 patients the culture
analysis of the biopsy was negative and once in 1 out of
5 samples the cultivation was positive, but was rated as
contamination (case 6, Table 1). These were 5 females
and 6 males with an age of 60.1 ± 13.3 years (29–80
years) (Table 1). Nine had loosening of both implant
components, one patient with TKA required revision be-
cause of chronic joint stiffness, and one patient had a re-
vision of only the hip stem because of loosening. All
patients received 6 weeks of antibiotic treatment after
the result of intraoperative sample cultures were found
to be positive. The patient with just stem revision (case
10, Table 1) also received a cup revision to complete the
exchange of all components, followed by the antibiotic
treatment.
All expected aseptic hip revisions (118) were per-

formed with cementless hip implants and the expected
aseptic knee revisions (214) with cemented revision im-
plants using antibiotic loaded cement with gentamycin
and clindamycin (Copal, Heraeus Medical, Hanau,
Germany). All of these patients received an intravenous
antibiotic prophylaxis of 24 h with a second generation
cephalosporin (Cefuroxim). Out of these, all 11 patients
with unexpected intraoperative positive PJI (type 1 infec-
tion) were given an additional antibiotic therapy of 6
weeks according the susceptibility of the microorganisms
immediately after their detection (Table 1).
Of the 508 patients 477 were followed at least 2 years

(37.9 ± 16.7 months), (all 178 patients with PJI, including
the 11 type 1 infections). According to Masri et al. [31]
and Zimmerli et al. [32], a patient could be judged
infection-free at follow-up if he or she was free of clin-
ical signs for infection (fever, local pain, redness,
warmth, sinus tract infection), and had a CRP level less
than 10mg/L.

Statistical analysis
Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows (version 20.0, IBM Corp., Armonk,
NY). Categorial variables were analyzed using a chi-
square-test or Fisher’s exact test. All reported P values
are 2 tailed with an a level < .05 considered significant.

Results
Of the 11 type 1 infections, 5 (2 TKA, 3 THA) showed
reinfection (4, 12, twice 14, and 36months after revision
surgery) with the same microorganism (Table 1). In
three cases two bacterial strains were detected (cases 2,
3 and 8 in Table 1), whereby in two cases the second
microorganism only grew in extended cultures of one
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sample and could be interpreted as laboratory contami-
nants (case 2 and 3 in Table 1). None of the microorgan-
ism was multiresistant or a fastidious organism
(Table 1). There was no difference in the antibiotic sus-
ceptibility of the microorganism between the patients
with and without reinfection. The patient with the add-
itional acetabular cup revision did not display any re-
infection. This results in a success rate for antibiotic
therapy in type 1 infections of at best 54.5% if the pa-
tient with the additional cup revision is included. The
whole group of 178 patients with PJI had a reinfection
rate of 7.3% (13 patients, 5 with type 1 and 8 with type 3
infection (4.8%) (according to Tsukayama et al. [9]) (p <
0.001) [22]. The 301 patients with aseptic revision and a
minimum follow-up of 2 years had an infection rate of
3.6% (11 patients) (p < 0.001).

Discussion
By following 11 type 1 infections out of 508 revisions of
hip and knee prostheses our hypothesis was tested, that
6 weeks of antibiotic therapy alone do not have a suffi-
cient success-rate in type 1 infection. The reinfection-
rate of 45.5% in the current study supports our
hypothesis.
The success rate of 54.5% in our study is significantly

lower than in all previous, older publications. In the first
publication, Tsukayama et al. [9] classified 31 out of 106
(29.2%) PJI cases occurring after total hip endoprosth-
eses as type 1 infections on the basis of a “positive intra-
operative culture”. Three patients became reinfected, so
that the success rate of antibiotic therapy in these cases
was 90%. Segawa et al. [12] unexpectedly found bacteria
in 31 of 275 (11%) prosthesis revisions during surgery, in
5 patients in at least two samples (2.1%), but were able
to successfully treat 28 (90%), and all 5 of the 5 patients
with positive culture in several samples, with antibiotics
alone. In Marculesu et al. [11] this type of infection was
observed in 3% of cases (16 of 509 prosthesis revisions)
and the success rate with antibiotic therapy alone was
93.2% (15 of 16 patients). Barrack et al. [10] found unex-
pected bacteria in several intraoperative samples from 11
of 692 knee arthroplasty revisions (1.6%). Of these, 2
(18.2%) suffered reinfection. However, the diagnosis of
PJI was often not established preoperatively during this
time, but was based on intraoperative sampling alone
[10–12, 32]; in addition, less than 5 intraoperative tissue
samples were obtained in some studies [10]. Moreover,
the current criteria for defining a periprosthetic infection
were not applied [10–12, 32]. Therefore, we explain the
difference between the success rates found in the older
studies and our results in this report by the fact that
some of the patients in the older studies may have been
wrongly classified as PJI because diagnostic procedures
were only initiated intraoperatively and the diagnostic

methods used were partially inadequate. This resulted in
a higher apparent success rate for the therapy of the
“type 1 infections” with antibiotic alone.
Our failure rate of 54.5% for the antibiotic therapy of

type 1 infections is exactly the same as that seen for a
similar situation by Tan et al. [21] and Corró et al. [20]
in the two-stage revision of septic prostheses treated
with antibiotic alone following a positive bacterial cul-
tures of samples obtained during the second replace-
ment stage.
In our opinion, the low success rate of sole antibiotic

therapy is understandable, since up to 14 days can elapse
before bacteria can be detected in the cultures of the
samples taken intraoperatively [16, 17]. During this time
only an antibiotic prophylaxis of 24 h has taken place
and the bacteria that remain in situ have already been
able to form a new biofilm on the newly implanted pros-
thesis. The antibiotic therapy that then begins after 14
days would then encounter an already formed biofilm
and thus be significantly less effective [16–19]. On the
other hand keeping suspected revision cases on antibi-
otics until cultures are final would lead to a high amount
of unnecessary antibiotic treatment. Out of the 332 pre-
operative diagnostic cases with negative results these 11
cases were 3.3%. This would mean that 96.7% would get
unnecessary antibiotic treatment. Therefore exact pre-
operative diagnostic is essential and in cases of type 1 in-
fection revision surgery may be the treatment of choice
with more success.
The study has some limitations. The number of pa-

tients in our study is small with 11 patients. However,
this small number reflects a good preoperative diagnos-
tic procedure with a low number of false negative
results. The preoperative diagnostic procedure for diag-
nosing PJI in the 508 patients in this study had a sensi-
tivity of 93.8%, a specificity of 97.3%, a positive
predictive value of 94.9%, a negative predictive value of
96.7%, and an accuracy of 96.1% [22]. This is in accord-
ance with the results of previous studies using this diag-
nostic procedure for PJI with accuracies between 93 and
98% [24, 25]. In addition, also in the few previous studies
with unexpected intraoperative positive bacterial cul-
tures from several tissue samples, only a small number
of patients were assessed (5, 11 and 16 patients, 1.6 to
3% respectively) [10–12]. In our opinion, the signifi-
cantly lower number of cases with unexpected intraoper-
ative positive bacterial cultures (2.2%) in our study,
compared to the study by Tsukayama et al. [9] (29.2%),
was due to better diagnostics that involved diagnosis
during the preoperative phase, i.e., not only intraopera-
tive diagnostics, as well as our use of modern definitions
for PJI. Moreover, our minimum follow-up of 2 years
may not be long enough to detect all reinfections in of
these 11 patients with type 1 infection. However, if this
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were the case, this would even result in an even higher
reinfection-rate than already determined.

Conclusions
In summary, antibiotic therapy alone seems to have a
significantly lower success rate than previously assumed
in the case of unexpected intraoperative bacterial
cultures from samples taken during prosthesis revision
surgery. This underlines the importance of using pre-
operative diagnostics that are as accurate as possible in
order to exclude a periprosthetic infection prior to a re-
vision operation. It is conceivable that the success rates
in type 1 infection can be improved by longer antibiotic
treatment, a revision with irrigation, debridement and
exchange of mobile components, or even an early one-
stage septic exchange of the new implanted prosthesis.
However, further studies are required to analyze this.

Abbreviations
PJI: Periprosthetic joint infection; Pat: Patient; fem: Female; BMI: Body mass
index; ASA: Grading of patients for surgical procedures of the American
Society of Anesthesiologists; CCI: Charlson Comorbidity Index; WBC: White
blood cell count; y: Years; neg: Negative

Acknowledgements
A special thank goes to Irina Berger MD, Pathological Institute, Klinikum
Kassel who performed the histopathological analyses of the periprosthetic
tissue and to Rüdiger Braun MD, MVZ-Labor Ludwigsburg, who performed
the microbiological analyses.

Authors’ contributions
All authors ensured that they had furnished a substantial contribution to the
article and that they are in agreement with form and contents of the
manuscript. BF analyzed and interpreted the patient data regarding the
scientific relevance, wrote the article and supervised the study as chairman
of the department. MS was responsible for sample analysis. The authors read
and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors. Open Access funding enabled
and organized by Projekt DEAL.

Availability of data and materials
We do not wish to share our data, because some of patient’s data regarding
individual privacy, and according to the policy of our hospital, the data
could not be shared to others without permission.

Ethics approval and consent to participate
The study has been performed in accordance with the ethical standards in
the 1964 Declaration of Helsinki. The study was approved by
Landesärztekammer Badenwürttemberg (committee’s reference number F-
2014-027). All subjects gave informed verbal consent to participate in the
study, which was documented before collecting the data and approved by
the Landesärztekammer in that way. Because the study included a retro-
spective analysis of prospective collected data from the routine diagnostic
and therapeutic procedure in our clinic a verbal consent was exapted.

Consent for publication
All patients consented verbal to publish personal data in an anonymized
form.

Competing interests
The authors declare that they have no competing interests.

Received: 4 June 2020 Accepted: 17 November 2020

References
1. Fink B. Revision of late periprosthetic infections of total hip endoprostheses:

pros and cons of different concepts. Int J Med Science. 2009;6:287–95.
2. Li C, Renz N, Trampuz A. Management of periprosthetic infection. Hip Pelvis.

2018;30:138–46.
3. Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J. Periprosthetic joint infection:

the incidence, timing, and predisposing factors. Clin Orthop Relat Res. 2008;
466:1710–5.

4. Fehring TK, Griffin WL. Revision of failed cementless total knee implants
with cement. Clin Orthop Rel Res. 1998;356:34–8.

5. Saleh KJ, Rand JA, McQueen A. Current status of revision total knee
arthroplasty: how do we assess results? J Bone Joint Surg Am. 2003;85-
A(Suppl. 1):18–20.

6. Scuderi GR, Insall JN, Windsor RE, Moran MC. Survivorship of cemented knee
replacements. J Bone Joint Surg Br. 1989;71-B:798–803.

7. Della Valle CJ, Zuckermann JD, Di Cesare PE. Periprosthetic sepsis. Clin
Orthop Rel Res. 2004;420:26–31.

8. Hanssen AD. Managing the infected knee: as good as it gets. J Arthroplast.
2002;17(4 Suppl 1):98–101.

9. Tsukayma DT, Estrada R, Gustilo RB. Infection after total hip arthroplasty. A
study of the treatment of one hundred and six infections. J Bone Joint Surg
Am. 1996;78-A:512–23.

10. Barrack RL, Aggarwal A, Burnett RS, Clohisy JC, Ghanem E, Sharkey P, Parvizi
J. The fate of the unexpected positive intraoperative cultures after revision
total knee arthroplasty. J Arthroplast. 2007;22(6 Suppl 2):94–9.

11. Marculescu CE, Berberi EF, Hanssen AD, Steckelberg JM, Osmon DR.
Prosthetic joint infection diagnosed postoperatively by intraoperative
culture. Clin Orthop Relat Res. 2005;439:38–42.

12. Segawa H, Tsukayama DT, Kyle RF, Becker DA, Gustilo RB. Infection after
total knee arthroplasty. A retrospective study of the treatment of eighty-one
infections. J Bone Jont Surg Am. 1999;81-A:1434.

13. Senthi S, Munro JT, Pitto RP. Infection in total hip replacement: meta-
analysis. Int Orthop. 2011;35:253–60.

14. Garvin KL, Hanssen AD. Infection after total hip arthroplasty. Current
Concepts Review. J Bone Joint Surg Am. 1995;77-A:1576–88.

15. Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ,
Garvin KL, Mont MA, Wongworawat MD, Zalavras CG. New definition for
periprosthetic joint infection: from the workgroup of the musculoskeletal
infection society. Clin Orthop Relat Res. 2011;469:2992–4.

16. Frommelt L. Principles of systemic antimicrobial therapy in foreign material
associated infection in bone tissue, with special focus on periprosthetic
infection. Injury. 2006;37(Suppl2):S87–94.

17. Schäfer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L. Prolonged
bacterial culture to identify late periprosthetic joint infection: a promising
strategy. Clin Infect Dis. 2008;47:1403–9.

18. Izakovicova P, Borens O, Trampuz A. Periprosthetic joint infection: current
concepts and outlook. EFORT Open Rev. 2019;29:482–94.

19. Mirza YH, Tansey R, Sukeik M, Shaath M, Haddad FS. Biofilm and the role of
antibiotics in the treatment of periprosthetic hip and knee joint infections.
Open Orthop J. 2016;10:636–45.

20. Corró S, Vincente M, Rodriguez-Pardo D, Pigrau C, Lung M, Corona PS.
Vancomycin-gentamycin prefabricated spacers in 2-stage revision
arthroplasty of chronic hip and knee periprosthetic joint infection: insights
into reimplantation microbiology and outcomes. J Arthroplast. 2020;35:247–
54.

21. Tan TL, Gomez MM, Manrique J, Parvizi J, Chen AF. Positive culture during
reimplantation increases the risk of subsequent failure in two-stage
exchange arthroplasty. J Bone Joint Surg Am. 2016;98:1313–9.

22. Fink B, Schuster P, Braun R, Tagtalianidou E, Schlumberger M. The diagnostic
value of routine preliminary biopsy in diagnosing late prosthetic joint
infection after hip and knee arthroplasty. Bone Joint J. 2020;102-B:329–35.

23. Parvizi J, Tan TL, Goswami K, Higuera C, Della Valle C, Chen AF, Shohat N.
The 2018 definition of periprosthetic hip and knee infection: an evidence-
based and validated criteria. J Arthroplast. 2018;33:1309–14.

24. Fink B, Gebhard A, Fuerst M, Berger I, Schäfer P. High diagnostic value of
synovial biopsy in periprosthetic joint infection of the hip. Clin Orthop Relat
Res. 2013;471:956–64.

Fink and Schlumberger BMC Musculoskeletal Disorders          (2020) 21:786 Page 7 of 8



25. Fink B, Makowiak C, Fuerst M, Berger I, Schäfer P, Frommelt L. The values of
synovial biopsy and joint aspiration in the diagnostic of late periprosthetic
infection of total knee arthroplasties. J Bone Joint Surg. 2008;90-B:874–8.

26. Kilcoyne R, Kaplan P. Lateral approach for hip arthrography. Skelet Radiol.
1992;21:239–40.

27. Morello JA, Matushek SM, Dunne WM, Hinds DB. Performance of a BACTEC
nonradiometric medium for pediatric blood cultures. J Clin Microbiol. 1991;
29:359–62.

28. Virolainen P, Lahteenmaki H, Hiltunen A, Sipola E, Meurman O, Nelimarkka
O. The reliability of diagnosis of infection during revision arthroplasties. Scan
J Surg. 2002;91:178–81.

29. American Society of Anesthesiologists. ASA physical status classification
system. Available at: http://www.asahq.org/for-members/clinical-
information/asa-physical-status-classification- system.aspx. Accessed 22 Aug
2012.

30. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chron Dis. 1987;40:373–83.

31. Masri BA, Panagiotopoulos KP, Greidanus NV, Garbuz DS, Duncan CP.
Cementless two-stage exchange arthroplasty for infection after total hip
arthroplasty. J Arthroplast. 2007;22:72–8.

32. Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Role of rifampicin for
treatment of orthopedic implant-related staphylococcal infections: a
randomized controlled trial. Foreign-body infection (FBI) study group. JAMA.
1998;279:1537–41.

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

Fink and Schlumberger BMC Musculoskeletal Disorders          (2020) 21:786 Page 8 of 8

http://www.asahq.org/for-members/clinical-information/asa-physical-status-classification-%20system.aspx
http://www.asahq.org/for-members/clinical-information/asa-physical-status-classification-%20system.aspx

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

