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Abstract
Introduction Prior to revision of total hip arthroplasty (THA), low-grade chronic periprosthetic joint infection (PJI) is often 
difficult to diagnose. We aimed to determine the diagnostic accuracy of open incisional tissue biopsy for the prediction of 
PJI prior to THA revision in cases with culture-negative or dry tap joint aspirates.
Materials and methods This retrospective single-center study includes 32 consecutive THA revision cases with high clinical 
suspicion of low-grade chronic PJI of the hip with culture-negative or dry tap joint aspirates and without systemic signs of 
infection. Open incisional biopsy (OIB) was performed prior to revision surgery. Periprosthetic tissue samples were analyzed 
by microbiology and histopathology for PJI. During definitive revision arthroplasty, identical diagnostics were repeated. 
Results from both procedures were compared and sensitivity, specificity, positive and negative predictive values of OIB for 
the final diagnosis were calculated.
Results Average age at revision was 69.3 ± 13.5 years. The sensitivity of the OIB procedure was 80% (microbiology), 69% 
(histology) and 82% for combined analyses (microbiology and histology). Specificity of OIB was 80% (microbiology), 94% 
(histology) and 60% for combined analyses.
Conclusions Open tissue biopsy performed in cases with culture-negative or inconclusive synovial fluid aspirates prior to 
revision of THA has limited diagnostic accuracy for the prediction of PJI. The procedure does not reliably close the diagnostic 
gap in a substantial number of cases. In this difficult patient population, risk of an open procedure may outweigh benefits 
and alternative less invasive methods should be considered for the preoperative diagnosis of PJI.
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Introduction

Periprosthetic joint infection (PJI) is a severe complication 
of total hip arthroplasty (THA) and one of the major reasons 
for THA revision [14, 34]. Chronic low-grade infections can 
represent a diagnostic challenge [11, 16, 18, 21, 28]. In cases 
with negative microbiology from synovial fluid but a clinical 
suspicion of PJI, periprosthetic tissue biopsies can be taken 

in an effort to establish the diagnosis of PJI [28]. Knowledge 
of the pathogens and their resistance prior to revision is of 
relevance for the operative strategy (one stage versus two 
stage, addition of specific antibiotics to the bone cement) 
and is crucial for outcome.

To best of the authors’ knowledge, the diagnostic value of 
incisional biopsies has not been described in this problem-
atic patient subpopulation.

There are several options of taking tissue biopsies: by 
open incision, by arthroscopy, by mini incision without 
arthroscopic assistance with or without fluoroscopic guid-
ance [3, 12, 24, 28].

Although open biopsy has the potential advantage of 
better visualization and controlled access to different intra-
articular localizations, in particular at the prosthesis tissue 
interface [3], it is unknown whether open incisional biopsy 
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has a diagnostic advantage over the less invasive methods 
of tissues sampling.

In addition, it is unknown to which degree microbiology 
findings from biopsies predict microbiology results from 
definitive revision surgery with either method of tissue sam-
pling in this problematic subgroup of patients.

The aim of the present study was to describe the diagnos-
tic accuracy of open tissue biopsy in patients with sched-
uled THA revision surgery, a clinical suspicion of low-grade 
chronic PJI but negative microbiology from synovial joint 
aspirates.

Materials and methods

This retrospective analysis was performed at one academic 
arthroplasty center and included 32 consecutive cases 
(2013–2017) with suspected chronic low-grade THA PJI 
despite negative synovial fluid microbiology.

Suspected chronic low-grade THA PJI was defined as 
unexplained prolonged loco-regional pain (> 3 weeks), with 
or without radiographic signs of PJI such as subtle oste-
olysis, otherwise unexplained increased systemic serum 
CRP > 1 mg/dl and/or a WBC in synovial fluid of > 2000/
µl [23].

Prior to hip revision arthroplasty, every patient received 
a pre-operative fluoroscopy guided synovial fluid aspira-
tion from anterolateral or superolateral. In case of positive 
cultures, patients underwent septic two-stage revision. In 

case of negative cultures, and no further suspicion of a PJI 
(clinical, radiological or blood work), a single-stage pre-
sumably aseptic revision surgery was performed with intra-
operative single shot antibiotics once all tissue specimens 
had been taken. In case of negative cultures but a clinical, 
radiographic or laboratory-based suspicion of chronic PJI, 
an open incisional biopsy (OIB) was performed.

Inclusion criteria for the present study thus were (i) clini-
cal suspicion of PJI (ii) negative microbiological findings 
from synovial fluid or a dry tap (no synovial fluid available 
for microbiology).

Six cases had a dry tap and in 26 cases less than 0.5 ml 
synovial fluid was aspirated, which was sent for microbio-
logical analysis and returned negative. Analysis of further 
synovial fluid parameters such as WBC count and others was 
not performed due to the limited amount of synovial fluid.

There were no signs of local inflammation concerning the 
skin, e.g., swelling, erythema, warmth, or fistulae in these 
patients. All cases in which the biopsy led to the diagnosis of 
PJI were then treated by a septic two-stage revision with an 
antibiotic treatment regimen according to the susceptibility 
of the detected pathogens [6, 21] (Fig. 1, flowchart).

OIB is a separate procedure prior revision surgery. The 
procedure is carried out in a sterile fashion in the operat-
ing theater. A smaller than standard modified posterior hip 
approach (Moore) is used to expose the region of interest 
(hip prothesis) and obtain periprosthetic tissue samples.

Culture time for all samples was 14 days. Samples with-
out growth after 14 days in culture were regarded negative 

Fig. 1  Flowchart demonstrates included total hip arthroplasty (THA) cases and different sampling stages (open incisional biopsy and revision 
surgery) with the positive or negative results with regard to periprosthetic joint infections (PJI)
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and discarded. The patient was informed about culture 
results on average 3 weeks after OIB, and revision surgery 
was scheduled an average 6–8 weeks after OIB.

During revision surgery, periprosthetic tissue sampling 
for microbiology and histology analyses were repeated, and 
the results of these were defined as the definite diagnosis.

Biopsy and revision procedures were all carried out in 
sterile conditions in an operating theater. A modified pos-
terior hip approach was used for all procedures, i.e., OIBs 
(mini open) and revisions (extended approach including 
previous OIB incision). A minimum of five periprosthetic 
tissue biopsy samples (capsular and its surrounding tissue, 
acetabular and femoral component surrounding tissue, and 
other tissues, particularly abnormal appearing tissue) for 
microbiology and a minimum of one tissue sample for his-
tology were obtained at each surgical procedure, similar to a 
previous report reporting on tissue sampling during revision 
surgery [3]. None of the patients were given antibiotics for 
4 weeks prior to biopsy or revision surgeries as previously 
described [10, 11, 22].

Intraoperative ###samples were placed into sterile bottles 
containing culture-enrichened thioglycolate broth (Oxoid, 
Wesel, Germany) by the sterile scrub nurse and were trans-
ported immediately after sampling to the laboratory for 
culture as previously described [16, 29, 33]. Samples were 
incubated for 14 days or until growth was identified. If no 
growth was identified after 14 days of incubation, cultures 
were discontinued and considered negative [16, 29, 33]. 
Broths demonstrating bacterial growth were subcultured on 
appropriate agar plates. Microorganisms were identified by 
standard microbiologic procedures. Antibiotic susceptibility 
testing was performed by disk diffusion or dilution methods 
as described by the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines [7]. Microbiology was considered 
positive for PJI if the same microorganism was identified in 
at least two samples [4].

Tissue samples were considered histologically positive 
for PJI, if more than 5 neutrophils per high-power field were 
identified in 5 high-power fields observed from histologic 
analysis of periprosthetic tissue at 400 magnification [25, 
26].

The diagnosis of PJI was accepted when any of the fol-
lowing conditions was fulfilled (1) the same microorgan-
ism was identified in at least two separate cultures or if 
(2) growth of one microorganism was observed in at least 
one culture and histopathology was positive for PJI (Krenn 
Morawitz classification), or (3) if four of the six minor Mus-
culoskeletal Infection Society (MSIS) criteria were met [2, 
11, 19, 22, 23, 25, 26]. Growth of a microorganism in one 
culture alone without histopathologic signs of an infection 
was regarded as a contamination [32].

Perioperative antibiotics were not administered before all 
samples had been taken.

The study was performed in accordance with the latest 
version of the Declaration of Helsinki and received ethical 
approval from the local ethics board (PV7213). All included 
patients gave written informed consent.

Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and accuracy of each diag-
nostic method, i.e., aspiration, microbiologic examination 
and histologic examination from the open-biopsy procedure 
compared with the definitive result obtained from the revi-
sion operation, were determined [15]. Statistical analysis 
was performed using the statistics package SPSS version 
23.0 (Version 23.0; SPSS, Chicago, IL, USA).

Results

Thirty-two patients were included in this study (Fig. 1). 
The average age at THA implantation was 65.1 ± 14.5 years 
of age (Table 1). Seventeen cases had a primary THA and 
fifteen patients had already undergone a previous revision 
THA. All patients complained of periprosthetic localized 
pain. Radiologic signs of loosening were detectable in 60% 
of the cases (n = 19). The age of the patients at the time of 
revision surgery was 69.5 ± 13.5 years and THA survival 
was 4.4 ± 5.1 years on average (Table 2). Preoperative serum 
CRP was mildly elevated (1.9 ± 2.7 mg/dl). 17 out of 32 
patients had CRP levels greater than 1.0 mg/dl with an aver-
age of 3.2 ± 3.1 mg/dl.

Twenty cases were diagnosed with PJI after histological 
and microbiological analyses of the open incisional biopsy 
specimens (Fig. 1). Eighteen patients had at least two posi-
tive cultures with the same microorganism. The other two 
cases were classified as infected due to a combination of 
single positive culture, positive histology, elevated CRP 
and intra-operative purulence [25, 26]. No complications 

Table 1  Demographic and clinical data of 32 patients with a sus-
pected, but not proven periprosthetic joint infection (PJI) of a total hip 
arthroplasty (THA)

Patients n = 32

Age at implantation 65.1 ± 14.5
Age at revision (years) 69.5 ± 13.5
THA survival (years) 4.4 ± 5.1
Sex
 Male 20
 Female 12
 Primary THA 17 (53.2%)
 Revision THA 15 (46.8%)
 Pain 32 (100%)
 Early Loosening (< 2 years) 19 (59.4%)
 History of PJI 8 (25%)
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were observed during or after OIB as a consequence of the 
procedure.

Revision surgery was consequently performed as a two-
stage septic revision in 20 cases (62.5%) and as a primarily 
aseptic single-stage revision in 12 cases (37.5%) (Fig. 1). 
Revision surgery with THA explanation during either one-
stage or two-stage revision resulted in the final diagnosis of 
PJI in 17 of the 32 revised cases (53.1%). Of these 17 final 
diagnoses of PJI, fourteen cases had at least two positive 
cultures with the same microorganism and three patients 
fulfilled infection criteria according to the MSIS Definition 
of PJI [26] by a combination of minimum four minor MSIS 
criteria factors [25, 26].

Thus, six cases diagnosed with PJI after biopsy were not 
confirmed by tissue analyses from the definitive revision 
surgery and were therefore classified as being false positives 
after biopsy. Three cases were identified as PJI positive by 
tissue samples from single-stage revision surgery, but had 
not been identified by tissue biopsy samples after biopsy and 
thus were false negatives.

The biopsy procedure generated 12 true positives for 
microbiology and 9 true positives for histopathology 
(Table 3). Overall, sensitivity of the open biopsy was 80% 
(95% CI 66–94%) for microbiology of tissue samples and 
69% (95% CI 53–85%) for histopathology. Specificity was 
94% (95% CI 85–102%) for histopathology and 69% (95% 
CI 53–85%) for microbiology of tissue samples.

The calculated PPV was 90% (95% CI 80–100%) for his-
topathology and 71% (95% CI 55–86%) for microbiology of 
tissue samples. The combined microbiology and histopathol-
ogy demonstrated a sensitivity and specificity of 82% (95% 
CI 69–96%) and 60% (95% CI 43–77%). The PPV for the 
combination was 70% (95% CI 54–86%).

The majority of microorganisms identified during either 
procedure were staphylococcus epidermidis and cutibacte-
rium acnes (Table 4). Since changes occurred in the growth 
of microorganisms between the two surgical procedures, the 
overall accuracy of both specimen collections was only 72% 
(95% CI 56–86%).

Discussion

This study assessed the diagnostic value of an open inci-
sional tissue biopsy from periprosthetic THA tissue in cases 
of suspected PJI despite prior negative microbiology from 
synovial joint fluid aspiration. In 32 consecutive cases which 
were then subsequently revised, open incisional biopsy 

Table 2  Sensitivity and specificity results of microbiology and histo-
pathology sampling from the open incisional biopsy

n

 Open incisional biopsy
 Serum CRP (mg/dl) 1.9 ± 2.7
 Tissue biopsy—bacteriology 32 (100%)
 Number of tissue samples/case 8.7 ± 3.4
 Positive tissue bacteriology (infection) 18 (56.3%)
 Histology biopsy 32 (100%)
 Positive histology (infection) 12 (37.5%)
 Overall status: diagnosis of infection 20 (62.5%)

Revision surgery
 Serum CRP (mg/dl) 2.8 ± 4.8
 Tissue biopsy—bacteriology 31 (96.9%)
 Number of tissue samples/case 7.9 ± 3.1
 Positive tissue bacteriology (infection) 15 (48.4%)
 Histology biopsy 29 (90.6%)
 Positive histology (infection) 13 (44.8%)
 Overall status: diagnosis of infection 17 (53.1%)

Table 3  Diagnostic accuracy 
of microbiology and 
histopathology analyses 
regarding the definitive 
diagnosis of PJI with a 
confidence intervals (CI) of 95%

($ taken at open incisional biopsy and compared with microbiology at revision surgery; # taken at open 
incisional biopsy and compared with histology at revision surgery; § total: combination of microbiology 
and histopathology)

Microbiology$ Histopathology# Combination§

Open incisional biopsy results
 True positives (n) 12 9 14
 True negatives (n) 11 15 9
 False positives (n) 5 1 6
 False negatives (n) 3 4 3
 Missing data (n) 1 3 0
 Sensitivity (95% CI) 80 (66–94%) 69.2 (53–85%) 82.4 (69–96%)
 Specificity (95% CI) 68.8 (53–85%) 93.8 (85–102%) 60 (43–77%)
 Positive predictive value (95% CI) 70.6 (55–86%) 90 (80–100%) 70 (54–86%)
 Negative predictive value (95% CI) 78.6 (64–93%) 78.9 (65–93%) 75 (60–90%)
 Accuracy (95% CI) 74.2 (59–89%) 82.8 (70–96%) 71.9 (56–86%)
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resulted in a combined sensitivity of 82% and specificity of 
60% for PJI and a PPV and NPV 70% and 75%, respectively.

The overall results demonstrate that open incisional 
biopsy is of limited predictive value to diagnose PJI prior to 
revision THA in this problematic patient population.

Based on the present data, one should be aware that open 
incisional biopsy with combined microbiology and histology 
analyses results in 18.8% false positives (6/32) and about 9% 
false negatives (3/32).

Given the approximate 9% false negatives (type II error), 
in this particular group of patients, it seems reasonable to 
extend calculated broad-spectrum antibiotic treatment until 
specimens taken during revision surgery come back nega-
tive from culture, even if the diagnosis of PJI has not been 
confirmed by any method prior to revision.

Eighteen percent false positives (type I error) from the 
biopsy should lead to critical reflection of the procedure as 
such. Based on these findings, the risks of the procedure 
may outweigh the benefits since it may lead to overtreat-
ment in about 20% of revision cases in that either too many 
antibiotics are given for too long a period of time or in that 
a two-stage revision is initiated in cases where an aseptic 
one-stage would have been adequate.

As an alternative, less invasive methods of tissue sam-
pling could be considered, such as arthroscopy or mini-
incision with blind biopsy [1, 11, 28]. Fink and colleagues 
reported a combined sensitivity of 82% and specificity of 
98% with a PPV of 97% for mini-incision biopsy [11] but 
the patient population in that study was fundamentally dif-
ferent from the present study as they had included every 
single consecutive revision case (i.e., septic, aseptic, easy to 
diagnose and difficult to diagnose) and not just the difficult-
to-diagnose chronic low-grade infection with prior negative 
aspiration results [11].

Pohlig et al. reported results for the combination of bacte-
riology and histology with an arthroscopic biopsy technique. 
They described a sensitivity of 87.5%, a specificity of 100% 

and an accuracy of 95% [28]. Inclusion criteria were fun-
damentally different from the present study, including only 
cases with a previous PJI and elevated ESR or CRP, a suspi-
cious cell count of the synovial fluid and early radiographic 
signs of loosening or persistent pain.

Another study analyzing the open biopsy method was per-
formed by Klaber et al., they were performing open biopsies 
in cases of PJI suspicion after 2 negative joint fluid aspira-
tions in a heterogenous group of THA and total knee arthro-
plasty (TKA) cases [17]. Their overall yield for sensitivity 
and specificity was 69.35% and 89.06%, respectively. The 
sensitivity (87.50%) and specificity (95.24%) levels for the 
THA subgroup were higher than in the current study, but a 
more detailed subgroup analysis was not available. Their 
conclusion of the study was that OB is a valid tool for pre-
revision assessment particularly as their preferred method is 
a one-stage exchange surgery [17]. The one-stage exchange 
method showed in a systematic review and meta-analysis a 
lower pooled reinfection rate (5.7%) for one-stage hip revi-
sion arthroplasties when compared to the pooled reinfec-
tion rate of 8.4% in two-stage exchanges [13]. However, this 
review did have significantly less pooled data in the one-
stage exchange group and therefore comparison is slightly 
skewed. Furthermore, they did not look at biopsy techniques, 
but what one can gather from above described literature and 
sampling techniques is that tissue biopsies help identifying a 
potential pathogen and improve treatment management [11, 
13, 17, 28].

In order to carry out an optimal comparison between sam-
pling methods (OIB, mini-incision with blind biopsy and 
arthroscopic biopsy), a prospective randomized study with 
defined inclusion and exclusion criteria for a specific patient 
group with analyses of all samples in the same laboratories 
would be needed. Furthermore, according to the literature, 
there is an infection risk of 2–6.8% with any procedure in 
orthopedic surgery [5]. Risk factors for PJI include male 
gender, hybrid fixation, cement without antibiotics and 

Table 4  Distribution of microorganisms identified during biopsy and revision procedures

Open incisional biopsy Revision surgery

Identified microorganism Tissue biopsy Identified microorganism Tissue biopsy

Number of cases with detected 
respective microorganisms

Number of cases with 
detected respective microor-
ganisms

Staphylococcus epidermidis 9 Staphylococcus epidermidis 8
Cutibacterium acnes 8 Cutiibacterium acnes 7
Staphylococcus capitis 2 Staphylococcus saccharolyticus 2
Staphylococcus saccharolyticus 2 Staphylococcus aureus 1
Staphylococcus aureus 1 Staphylococcus lugdunensis 1
Streptococcus agalactiae 1 Streptococcus agalactiae 1
Total 23 Total 20
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inflammatory diseases [8, 31]. The potential benefits of 
OIB have to be outweighed against the risks such as infec-
tion introduced by OIB, wound healing complications and 
side effects of anesthesia. In this study, we did not observe 
adverse events by the procedure itself.

Other methods to consider are intra-operative fast tests 
such as leukocyte-esterase or alpha defensin, using intra-
operative obtained synovial fluid [2]. However, their use is 
limited when synovial fluid is contaminated with blood and 
sensitivity and specificity of these tests are particularly lim-
ited to detect low-grade infections [9, 18, 30].

However, based on the present data and the published 
results from less invasive procedures, we put forward the 
hypothesis that OIB is likely to be dispensable and does not 
need to be performed any more. Potential risks may out-
weigh the potential benefits. At least we do not have any 
indication of diagnostic superiority of OIB over other pro-
cedures of tissue sampling in this patient population. Thus, 
justification of OIB is at least questionable.

Nonetheless, the preoperative biopsy may be useful in the 
pre-revision work-up of suspected PJI, but the combination 
of the microbial-cultured biopsy and histopathology was of 
a much higher diagnostic value than the individual use as 
demonstrated by Li et al. [20]. Further, their study dem-
onstrated a lack in a standardized biopsy process and thus 
it does not appear to have an advantage over the synovial 
fluid culture. Thus, the combination of multiple tests (eg. 
synovial fluid culture, leukocyte-esterase, alpha-defensin, 
biopsy, etc.) should be considered as this will help identify-
ing a true PJI.

There are some limitations of the study. First, it is a ret-
rospective study and thus not all aspects of pre-analytics can 
be fully controlled. Second, several surgeons contributed to 
the case series in our institution. Third, in some cases, only 
one tissue sample was available for histology. This is a weak-
ness since for the reliable diagnosis of PJI, several tissue 
samples from different locations and in particular from the 
implant-bone interface, should be obtained [4, 27]. On the 
other hand, based on the present results it was microbiology 
and not histology and it was a high percentage of false posi-
tives and not false negatives that turned out to be the weak 
link in the procedure. However, none of these limitations is 
likely to have changed results significantly.

Strengths of this study include (i) tissue sample collection 
was done in the same way by all surgeons throughout the 
study period; samples were transferred to sterile containers 
with broth at the operating table, (ii) the microbiology and 
histopathology departments have been the same throughout 
the study period and did not change their standard analytics 
(iii) all samples were cultured for a minimum of 14 days 
until they were considered negative.

We therefore think that the current results are reliable and 
reproducible and thus represent a first step toward scientific 

evaluation of the open incisional biopsy procedure. Based 
on the present results we suggest that performing an open 
incisional biopsy requires very thorough justification, if per-
formed at all.

Conclusions

In conclusion, the diagnostic value of open incisional biopsy 
in problematic cases with suspected chronic low-grade THA 
PJI, despite synovial fluid-negative findings, is of limited 
diagnostic value. About 20% false positives and 9% false 
negatives should be expected. It is advantageous to define 
the causative pathogen prior potentially septic revision THA, 
but surgeons should be aware of the limitations and also 
potential risks of open incisional biopsy. As long as proven 
otherwise, alternative less invasive sampling methods, such 
as arthroscopy or mini-incision biopsy, should possibly be 
preferred in this problematic patient population.

Acknowledgements We thank Bernd Fink for critical discussions and 
critical reading of the manuscript.

Author contributions MJKS, WR and AN developed this project. JB 
performed the data collection. JB and AS were in charge of the statisti-
cal evaluation. MJKS and AN analyzed and interpreted the patient data. 
MJKS and AN were the major contributors in writing the manuscript. 
All authors read and approved the final manuscript.

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

Availability of data and materials The data are not publicly available 
due to data containing information that could compromise research 
participant privacy/consent.

Declarations 

Conflict of interest All authors declare that there is no conflict of in-
terest.

Ethics approval This study was approved by the local ethics commit-
tee (PV7213) (Hamburg ethics committee). The study was performed 
in accordance with the latest version of the Declaration of Helsinki.

Consent for publication Informed consent was obtained.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 



1669Archives of Orthopaedic and Trauma Surgery (2023) 143:1663–1670 

1 3

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. AAOS (2010) The diagnosis of periprosthetic joint infection of 
the hip and knee: guideline and evidence report.(ed)^(eds), http:// 
www. aaos. org/ cc_ files/ aaoso rg/ resea rch/ guide lines/ pjigu ideli ne. 
pdf

 2. Abdel KM, Andrawis J, Bengoa F et al (2019) Hip and knee sec-
tion, diagnosis, algorithm: proceedings of international consen-
sus on orthopedic infections. J Arthroplasty 34(2S):S339–S350 
https:// doi. org/ 10. 1016/j. arth. 2018. 09. 018

 3. Arvieux C, Common H (2019) New diagnostic tools for prosthetic 
joint infection. Orthop Traumatol Surg Res 105(1S):S23–S30. 
https:// doi. org/ 10. 1016/j. otsr. 2018. 04. 029

 4. Atkins BL, Athanasou N, Deeks JJ, et al (1998) Prospective evalu-
ation of criteria for microbiological diagnosis of prosthetic-joint 
infection at revision arthroplasty. The OSIRIS Collaborative Study 
Group. J Clin Microbiol 36(10):2932–2939 https:// doi. org/ 10. 
1128/ JCM. 36. 10. 2932- 2939. 1998

 5. Bori G, Soriano A, Garcia S, Mallofre C, Riba J, Mensa J (2007) 
Usefulness of histological analysis for predicting the presence of 
microorganisms at the time of reimplantation after hip resection 
arthroplasty for the treatment of infection. J Bone Joint Surg Am 
89(6):1232–1237. https:// doi. org/ 10. 2106/ JBJS.F. 00741

 6. Bowler PG, Duerden BI, Armstrong DG (2001) Wound micro-
biology and associated approaches to wound management. Clin 
Microbiol Rev 14(2):244–269. https:// doi. org/ 10. 1128/ CMR. 14.2. 
244- 269. 2001

 7. Boyle KK, Kuo FC, Horcajada JP, et al. (2019) General Assembly, 
Treatment, Antimicrobials: Proceedings of International Consen-
sus on Orthopedic Infections. J Arthroplasty 34(2S):S225–S237. 
https:// doi. org/ 10. 1016/j. arth. 2018. 09. 074

 8. CLSI (2017) Performance Standards for Antimicrobial Sus-
ceptibility Testing. Twenty-seventh Informational Supplement.
(ed)^(eds) CLSI document M100-S27. Clinical and Laboratory 
Standards Institute, Wayne, PA

 9. Dale H, Fenstad AM, Hallan G et al (2012) Increasing risk of 
prosthetic joint infection after total hip arthroplasty. Acta Orthop 
83(5):449–458. https:// doi. org/ 10. 3109/ 17453 674. 2012. 733918

 10. Deirmengian C, Madigan J, KallurMallikarjuna S, Conway J, 
Higuera C, Patel R (2021) Validation of the alpha defensin lateral 
flow test for periprosthetic joint infection. J Bone Joint Surg Am 
103(2):115–122. https:// doi. org/ 10. 2106/ JBJS. 20. 00749

 11. Fink B (2009) Revision of late periprosthetic infections of total 
hip endoprostheses: pros and cons of different concepts. Int J Med 
Sci 6(5):287–295

 12. Fink B, Gebhard A, Fuerst M, Berger I, Schafer P (2013) High 
diagnostic value of synovial biopsy in periprosthetic joint infec-
tion of the hip. Clin Orthop Relat Res 471(3):956–964. https:// doi. 
org/ 10. 1007/ s11999- 012- 2474-5

 13. Fink B, Schuster P, Braun R, Tagtalianidou E, Schlumberger M 
(2020) The diagnostic value of routine preliminary biopsy in diag-
nosing late prosthetic joint infection after hip and knee arthro-
plasty. Bone Joint J 102-B(3):329–335 https:// doi. org/ 10. 1302/ 
0301- 620X. 102B3. BJJ- 2019- 0684. R1

 14. Goud AL, Harlianto NI, Ezzafzafi S, Veltman ES, Bekkers JEJ, 
van der Wal BCH (2021) Reinfection rates after one- and two-
stage revision surgery for hip and knee arthroplasty: a systematic 
review and meta-analysis. Arch Orthop Trauma Surghttps:// doi. 
org/ 10. 1007/ s00402- 021- 04190-7

 15. Havelin LI, Fenstad AM, Salomonsson R et al (2009) The Nordic 
Arthroplasty Register Association: a unique collaboration between 

3 national hip arthroplasty registries with 280,201 THRs. Acta 
Orthop 80(4):393–401. https:// doi. org/ 10. 3109/ 17453 67090 30395 
44

 16. Heinecke AHE, Repges R (1992) Medizinische Biometrie. 
Springer, Berlin

 17. Ince A, Rupp J, Frommelt L, Katzer A, Gille J, Lohr JF (2004) Is 
“aseptic” loosening of the prosthetic cup after total hip replace-
ment due to nonculturable bacterial pathogens in patients with 
low-grade infection? Clin Infect Dis 39(11):1599–1603. https:// 
doi. org/ 10. 1086/ 425303

 18. Klaber I, Scholz F, Citak M, et al. (2021) Diagnostic utility of open 
biopsy in patients with two culture-negative aspirations in the 
diagnostic work-up of periprosthetic joint infection. Arch Orthop 
Trauma Surg 1:1 https:// doi. org/ 10. 1007/ s00402- 021- 04142-1

 19. Kleiss S, Jandl NM, Novo de Oliveira A, Ruther W, Niemeier 
A (2019) Diagnostic accuracy of alpha-defensin enzyme-linked 
immunosorbent assay in the clinical evaluation of painful hip and 
knee arthroplasty with possible prosthetic joint infection: a pro-
spective study of 202 cases. Bone Joint J 101(8):970–977. https:// 
doi. org/ 10. 1302/ 0301- 620X. 101B8. BJJ- 2018- 1390. R2

 20. Krenn V, Morawietz L, Perino G et al (2014) Revised histopatho-
logical consensus classification of joint implant related pathology. 
Pathol Res Pract 210(12):779–786. https:// doi. org/ 10. 1016/j. prp. 
2014. 09. 017

 21. Li C, Margaryan D, Perka C, Trampuz A (2022) The role of 
biopsy in diagnosing infection after hip and knee arthroplasty: a 
meta-analysis. Arch Orthop Trauma Surg https:// doi. org/ 10. 1007/ 
s00402- 021- 04323-y

 22. Li C, Renz N, Trampuz A (2018) Management of Periprosthetic 
Joint Infection. Hip Pelvis 30(3):138–146. https:// doi. org/ 10. 5371/ 
hp. 2018. 30.3. 138

 23. Lonner JH, Desai P, Dicesare PE, Steiner G, Zuckerman JD (1996) 
The reliability of analysis of intraoperative frozen sections for 
identifying active infection during revision hip or knee arthro-
plasty. J Bone Joint Surg Am 78(10):1553–1558

 24. Osmon DR, Berbari EF, Berendt AR et al (2013) Diagnosis and 
management of prosthetic joint infection: clinical practice guide-
lines by the Infectious Diseases Society of America. Clin Infect 
Dis 56(1):e1–e25. https:// doi. org/ 10. 1093/ cid/ cis803

 25. Ottink KD, Wouthuyzen-Bakker M, Kampinga GA, Jutte PC, 
Ploegmakers JJ (2018) Puncture protocol in the diagnostic work-
up of a suspected chronic prosthetic joint infection of the hip. 
J Arthroplasty 33(6):1904–1907. https:// doi. org/ 10. 1016/j. arth. 
2018. 01. 072

 26. Parvizi J, Tan TL, Goswami K, et al. (2018) The 2018 definition 
of periprosthetic hip and knee infection: an evidence-based and 
validated criteria. J Arthroplasty 33(5):1309–1314 e1302. https:// 
doi. org/ 10. 1016/j. arth. 2018. 02. 078

 27. Parvizi J, Zmistowski B, Berbari EF et al (2011) New defini-
tion for periprosthetic joint infection: from the Workgroup of 
the Musculoskeletal Infection Society. Clin Orthop Relat Res 
469(11):2992–2994. https:// doi. org/ 10. 1007/ s11999- 011- 2102-9

 28. Peel TN, Dylla BL, Hughes JG et al (2016) Improved diagnosis of 
prosthetic joint infection by culturing periprosthetic tissue speci-
mens in blood culture bottles. MBio 7(1):e01776-e11715. https:// 
doi. org/ 10. 1128/ mBio. 01776- 15

 29. Pohlig F, Muhlhofer HM, Lenze U et  al (2017) Diagnostic 
accuracy of arthroscopic biopsy in periprosthetic infections 
of the hip. Eur J Med Res 22(1):6. https:// doi. org/ 10. 1186/ 
s40001- 017- 0246-0

 30. Schafer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L 
(2008) Prolonged bacterial culture to identify late periprosthetic 
joint infection: a promising strategy. Clin Infect Dis 47(11):1403–
1409. https:// doi. org/ 10. 1086/ 592973

 31. Scholten R, Visser J, Van Susante JLC, Van Loon CJM (2018) 
Low sensitivity of a-defensin (Synovasure) test for intra-operative 

http://creativecommons.org/licenses/by/4.0/
http://www.aaos.org/cc_files/aaosorg/research/guidelines/pjiguideline.pdf
http://www.aaos.org/cc_files/aaosorg/research/guidelines/pjiguideline.pdf
http://www.aaos.org/cc_files/aaosorg/research/guidelines/pjiguideline.pdf
https://doi.org/10.1016/j.arth.2018.09.018
https://doi.org/10.1016/j.otsr.2018.04.029
https://doi.org/10.1128/JCM.36.10.2932-2939.1998
https://doi.org/10.1128/JCM.36.10.2932-2939.1998
https://doi.org/10.2106/JBJS.F.00741
https://doi.org/10.1128/CMR.14.2.244-269.2001
https://doi.org/10.1128/CMR.14.2.244-269.2001
https://doi.org/10.1016/j.arth.2018.09.074
https://doi.org/10.3109/17453674.2012.733918
https://doi.org/10.2106/JBJS.20.00749
https://doi.org/10.1007/s11999-012-2474-5
https://doi.org/10.1007/s11999-012-2474-5
https://doi.org/10.1302/0301-620X.102B3.BJJ-2019-0684.R1
https://doi.org/10.1302/0301-620X.102B3.BJJ-2019-0684.R1
https://doi.org/10.1007/s00402-021-04190-7
https://doi.org/10.1007/s00402-021-04190-7
https://doi.org/10.3109/17453670903039544
https://doi.org/10.3109/17453670903039544
https://doi.org/10.1086/425303
https://doi.org/10.1086/425303
https://doi.org/10.1007/s00402-021-04142-1
https://doi.org/10.1302/0301-620X.101B8.BJJ-2018-1390.R2
https://doi.org/10.1302/0301-620X.101B8.BJJ-2018-1390.R2
https://doi.org/10.1016/j.prp.2014.09.017
https://doi.org/10.1016/j.prp.2014.09.017
https://doi.org/10.1007/s00402-021-04323-y
https://doi.org/10.1007/s00402-021-04323-y
https://doi.org/10.5371/hp.2018.30.3.138
https://doi.org/10.5371/hp.2018.30.3.138
https://doi.org/10.1093/cid/cis803
https://doi.org/10.1016/j.arth.2018.01.072
https://doi.org/10.1016/j.arth.2018.01.072
https://doi.org/10.1016/j.arth.2018.02.078
https://doi.org/10.1016/j.arth.2018.02.078
https://doi.org/10.1007/s11999-011-2102-9
https://doi.org/10.1128/mBio.01776-15
https://doi.org/10.1128/mBio.01776-15
https://doi.org/10.1186/s40001-017-0246-0
https://doi.org/10.1186/s40001-017-0246-0
https://doi.org/10.1086/592973


1670 Archives of Orthopaedic and Trauma Surgery (2023) 143:1663–1670

1 3

exclusion of prosthetic joint infection. Acta Orthop 89(3):357–
359. https:// doi. org/ 10. 1080/ 17453 674. 2018. 14443 01

 32. Sorensen TS, Sorensen AI, Bremmelgaard A (1997) Orthope-
dic wound infections 182 cases after 8913 operations during an 
8-year survey. Acta Orthop Scand 68(5):466–469 https:// doi. org/ 
10. 3109/ 17453 67970 89962 64

 33. Virolainen P, Lahteenmaki H, Hiltunen A, Sipola E, Meurman O, 
Nelimarkka O (2002) The reliability of diagnosis of infection dur-
ing revision arthroplasties. Scand J Surg 91(2):178–181. https:// 
doi. org/ 10. 1177/ 14574 96902 09100 208

 34. Winkler T, Trampuz A, Hardt S, Janz V, Kleber C, Perka C 
(2014) Periprosthetic infection after hip arthroplasty. Orthopade 
43(1):70–78. https:// doi. org/ 10. 1007/ s00132- 013- 2132-y

 35. Wolford HM, Hatfield KM, Paul P, Yi SH, Slayton RB (2018) The 
projected burden of complex surgical site infections following 
hip and knee arthroplasties in adults in the United States, 2020 
through 2030. Infect Control Hosp Epidemiol 39(10):1189–1195. 
https:// doi. org/ 10. 1017/ ice. 2018. 184

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

https://doi.org/10.1080/17453674.2018.1444301
https://doi.org/10.3109/17453679708996264
https://doi.org/10.3109/17453679708996264
https://doi.org/10.1177/145749690209100208
https://doi.org/10.1177/145749690209100208
https://doi.org/10.1007/s00132-013-2132-y
https://doi.org/10.1017/ice.2018.184

	Diagnostic value of open incisional biopsies in suspected, difficult-to-diagnose periprosthetic hip joint infection prior to revision surgery
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




