
Abstract. Background/Aim: We aimed to determine the
diagnostic value of the synovial aspiration culture prior to
reimplantation in two- (or more) stage exchange of
periprosthetic joint infection. Patients and Methods: This
was a retrospective study, spanning over ten years including
all synovial cultures of patients with two- (or more) stage
exchange due to periprosthetic joint infection. Results: A
total of 183 patients were included, mean age was 66.6 years
(range=12.8-93.4 years). Overall sensitivity of synovial
aspiration cultures before reimplantation was 56.6%,
specificity 84.6%, negative predictive value (NPV) 63.8%,
positive predictive value (PPV) 80.2%, area under the curve
(AUC) 70.6%. Sensitivity of the knee in comparison to the
hip culture was significantly higher, as well as the NPV and
the AUC (p=0.038). In case of complete removal of
prosthesis, the sensitivity and AUC were significantly
reduced, whereas the specificity was comparable with
prosthesis in situ, partial removal or complete removal.
Conclusion: Due to the low sensitivity, obtaining several
synovial cultures in the prosthesis-free interval to exclude
persistence of infection, does not seem reasonable.

Together with aseptic loosening periprosthetic joint infection
(PJI) is the second most common reason for implant failure
in arthroplasty (1). The incidence ranges from approximately
1% in primary arthroplasty and up to 6% in case of revision
arthroplasty (2-5) and the treatment of PJI can be challenging,
long and leads to high socio-economic costs (1). In order to
perform a purposeful therapy, a sufficient diagnostic work-up

with identification of the pathogenic agent is indispensable
(6). The synovial culture is one of the essential components
in the diagnostic field of PJI (7, 8). It is a fast, minimally-
invasive and low-cost method and allows not only the
diagnosis of PJI but also the identification of the pathogenic
agent and its resistogram (3, 7, 8). Although multiple studies
address the diagnostic value of the synovial aspiration
cultures for primary diagnostic of PJI, data regarding the
value during the treatment process is inconsistent. Questions
regarding the value of aspiration culture before reimplantation
in two or more stage exchanges, the number of aspirations
and the influence of antibiotic treatment on diagnostic
performance remain unanswered. 

The aim of this study was to determine the diagnostic
value of the synovial aspiration culture in the process of the
complex PJI treatment, with the main focus on hip and knee
arthroplasty and the prosthesis-free interval. Therefore, we
conducted this retrospective study over ten years on a Level-
I university centre on patients treated for periprosthetic
infections of the hip and knee. We hypothesize that synovial
aspiration culture prior to reimplantation is not suitable to
rule out a persistent infection.

Patients and Methods
Ethical approval. Approval for this study was obtained from our
Institution’s Ethical Committee as a waiver. Due to the retrospective
nature of the study our hospital’s general consent for utilization of
anonymized research data was eligible.

Study design. Retrospective identification of all cases between
January 2005 and December 2015 with the diagnosis “infection or
inflammatory reaction due to internal joint prosthesis” (T84.5 in
ICD-10 classification) in a level I trauma centre and at least one
surgical procedure related to this diagnosis. Among these, all
patients with periprosthetic joint infection were selected according
the criteria defined below. 

Inclusion was done according to the flow chart (Figure 1). A case
was defined as a complete treatment period of the infectious
arthroplasty from first diagnosis until infection eradication was
achieved. As soon as recurrence of infection occurred, a new case
was created. Thus, one patient could account for more than one case. 
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Periprosthetic Joint Infection (PJI). PJI was defined according to a
modified consensus classification of the Musculoskeletal Society
when one of the following parameters was fulfilled (7):
• Sinus tract or open wound in communication with the prosthesis;
• Intraoperative purulence;
• At least two positive tested intraoperative cultures or one positive

highly pathogenic agent;
• Histological detection of a periprosthetic membrane type II or III

in Krenn and Morawietz classification (9, 10).

Definition of prosthetic-infection timing. Early (3 Month), delayed
(3-24 month) and late (>24 month) infect were assessed according
to Zimmerli et al. (5, 11).

Collection of data. General patient data, medical history and blood
levels of infectious parameters (serum C-reactive protein (CRP) and
peripheral blood leukocytes) were collected from the patients’
records. As there are multiple synovial aspirations within one case,
it was necessary to subdivide every case in defined cycles as shown
in Figure 2. The first cycle was from beginning of symptoms to the
end of the first operation. Right after that, the next cycle starts and
ends with the next operation. The last cycle ends with the
termination of the case including the postoperative phase. 

Data analysis and statistics. For evaluation of the diagnostic value
of the synovial culture every cycle was rated independently for
presence of infection according to Renner et al. (7). A PJI was
assumed if at least one of the above-mentioned criteria was positive. 

Statistical analysis was performed with GraphPad Prism 5
(GraphPad Software Inc., La Jolla, USA) and Vassarstats
(www.vassarstats.com). Statistical significance was considered for a
p-value less than 0.05 (p≤0.05), or if the 95% confidence intervals
(CI) had no overlapping. Furthermore, sensitivity, specificity, positive
(ppv) and negative predictive value (npv) as well as area under the
curve (AUC) was determined as ROC curve with GraphPad Prism.

Results

General data. A total of 183 patients were included. Of
these, there were 95 (51.9%) female and 88 (48.1%) male
patients. In n=108 (59.0%) patients there was an infection of
the hip, in n=73 (39.9%) patients an infection of the knee
and in n=2 (1.1%) patients an infection of both hip and knee.
The mean age was 66.6 (12.8-93.4) years. Fifty patients
(27.3%) were included for more than one case, which leads
to 1.44 (min/max 1-7) included cases per patient. Table I
shows the associated risk factors and outcomes.

Cycles and cases. Overall, 505 synovial aspiration cultures
could be included. Regarding the above-mentioned case
definition, this leads to 264 cases. There were 126 (47.7%)
female and 138 (52.3%) male patients. In n=165 (62.5%)
cases there was an infection of the hip, in n=99 (37.5%) cases
an infection of the knee and in n=134 (50.8%) cases there had
been a prior revision. The mean number of prior revisions was
n=3.58 (min/max 1-28). In n=104 (39.4%) we found an early
infection, in n=112 (42.4%) a delayed infection and in n=48
(18.2%) of the cases a late infection. 

Diagnostic value of synovial culture aspiration. Table II
shows the results for synovial cultures overall and itemized
for hip and knee. In comparison to the hip culture the
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Figure 1. Flowchart for patient inclusion and exclusion. After exclusion
criteria 183 patients could be included, resulting in 264 cases, as some
patients had recurrent infection and could be included for more than
one case.

Figure 2. Case definition. The first cycle was from beginning of
symptoms to the end of the first operation. Then, the next cycle starts
and ends with the next operation. The last cycle ends with the
termination of the case including the postoperative phase. All cycles
together are one case.



sensitivity for the knee culture was significantly higher, as
well as the NPV and the AUC (p=0.038).

Diagnostic value of synovial culture aspiration in view of
time point of infection. In Table III the value of synovial
culture for different time points of PJI are presented. We
were unable to find any significant differences.

Diagnostic value of synovial culture aspiration in view of
antibiotic treatment. There were no significantly different
values for synovial culture aspiration with or without (at
least two weeks without antibiotics) ongoing antibiotic
treatment. Table IV shows the results.

Diagnostic value of synovial culture aspiration in view of
prosthesis removal. In case of complete removal of prosthesis,
the sensitivity and AUC are significantly reduced, whereas the
specificity was comparable in all three different situations with
prosthesis in situ, partial removal or complete removal of
prosthesis (Table V and Figure 3). The PPV was reduced if the
prosthesis was completely removed, however, it was not
significant due to a broad range of the CI.

Discussion

We demonstrated, that the diagnostic value of synovial
culture varies within the sometimes complex treatment of

these infections depending on treatment stage. Furthermore,
due to the low sensitivity in the case of complete removal,
an aspiration before reimplantation does not seem to make
sense in order to reliably exclude infection.

According to the Renner criteria, in addition to the
detection of a fistula, the joint puncture aspiration is the
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Table I. Associated risk factors for periprosthetic infection (PJI) and
outcome of all patients.

Risk factors for PJI n (%)

Adiposity 66 (36.1%)
Immunosuppression 39 (21.3%)
Diabetes 28 (15.3%)
Smoking 25 (13.7%)
Rheumatoid arthritis 21 (11.5%)
Prior PJI on same joint 18 (9.8%)
Malignant tumour on same joint 17 (9.3%) 
Prior septic arthritis on same joint 12 (6.6%)
Anaemia before implant of arthroplasty 22 (12.0%)
No anaemia before implant of arthroplasty 36 (19.7%)
None of these risc factors 37 (20.2%)

Outcome n (%)

Discharge with arthroplasty 177 (67.0%)
No infection present in follow-up 110 (41.7%)
Discharge without infection, but no follow-up 44 (16.7%)
Relapse of infection 94 (35.6%)
Permanent arthrodesis 21 (8.0%)
Permanent Girdlestone 27 (10.2%)
Amputation 29 (11.0%)
Death 16 (6.1%)

PJI: Periprosthetic joint infection. 

Table II. Results of all synovial aspiration cultures and the subgroup of
hip and knee cultures.

All synovial cultures

Infection No infection Overall

Test positive                           150                           37                    187
Test negative 115                         203                    318
Overall 265                         240                    505

95%-CI

Sensitivity 56.6% 50.4%-62.7%
Specificity 84.6% 79.4%-88.9%
PPV 80.2% 73.8%-85.7%
NPV 63.8% 58.3%-69.1%
AUC 70.6% 66.0%-75.2%

Synovial culture – Hip 

Infection No infection Overall

Test positive                             79                           18                      97
Test negative                            87                         119                    206
Overall                                   166                         137                    303

95%-CI

Sensitivity 47.6% 39.8%-55.5%
Specificity 86.9% 80.0%-92.0%
PPV 81.4% 72.3%-88.6%
NPV 57.8% 50.7%-64.6%
AUC 67.2% 61.2%-73.3%

Synovial culture – Knee 

Infection No infection Overall

Test positive                             71                           19                      90
Test negative                            28                           84                    112
Overall                                      99                         103                    202

95%-CI

Sensitivity 71.7% 61.8%-80.3%
Specificity 81.6% 72.7%-88.5%
PPV 78.9% 69.0%-86.8%
NPV 75.0% 65.9%-82.7%
AUC 76.6% 69.9%-83.4%

PPV: Positive predictive value; NPV: negative predictive value; AUC:
area under the curve; CI: confidence interval.



essential possibility to detect a periprosthetic joint infection
preoperatively (7). Different methods are used to analyse
the joint aspiration puncture obtained. Diagnosis usually
begins with light microscopy of a gram-stained direct
specimen. This method delivers very quick results, is
highly specific, but has only moderate sensitivity (12, 13).

The routine method for examining joint aspiration
punctures in the diagnosis of periprosthetic infections is
cultural incubation in a nutrient broth. However, this takes
a lot of time and is therefore unsuitable for acute diagnosis,
but can then be helpful in further therapy by creating an
antibiogram (11, 14). The sensitivity of the cultural analysis
of joint puncture aspiration in the primary diagnosis of
periprosthetic infections fluctuates in the literature; a
detailed list of the results of other studies can be found in
Table VI.

In comparison to the hip culture the sensitivity for the
knee culture was significantly higher, as well as the NPV and
the AUC (p=0.038). One possible cause for these findings
could be the procedure of joint aspiration. As the knee joint
is relatively superficial, the puncture is, in contrast to the hip
joint, usually performed without sonography and/or x-ray
control. But even with these imaging procedures aspiration
of seroma without connection to the hip joint or punctio
sicca is not unlikely (15, 16). 
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Table III. Results of all synovial aspiration cultures in the subgroup of
early, delayed and late infections.

Synovial culture – Early infections

Infection No infection Overall

Test positive                             42                           10                      52
Test negative                            41                           58                      99
Overall                                      83                           68                    151
                                                                                                              

95%-CI

Sensitivity 50.6% 39.4%-61.8%
Specificity 85.3% 74.6%-92.7%
PPV 80.8% 67.5%-90.4%
NPV 58.6% 48.2%-68.4%
AUC 68.0% 59.4%-76.5%

Synovial culture – Delayed infections

Infection No infection Overall

Test positive                             80                           11                      91
Test negative                            50                           95                    145
Overall                                   130                         106                    236
                                                                                                              

95%-CI

Sensitivity 61.5% 52.6%-69.9%
Specificity 89.6% 82.2%-94.7%
PPV 87.9% 79.4%-93.8%
NPV 65.5% 57.2%-73.2%
AUC 75.6% 69.3%-81.8%

Synovial culture – Late infections

Infection No infection Overall

Test positive                             28                           16                      44
Test negative                            24                           50                      74
Overall                                      52                           66                    118
                                                                                                              

95%-CI

Sensitivity 53.9% 39.5%-67.8%
Specificity 75.8% 63.6%-85.5%
PPV 63.6% 47.8%-77.6%
NPV 67.6% 55.7%-78.0%
AUC 64.8% 54.7%-75.0%

PPV: Positive predictive value; NPV: negative predictive value; AUC:
area under the curve; CI: confidence interval.

Table IV. Results of all synovial aspiration cultures dependence of
actual antibiotic treatment.

Synovial culture – With actual antibiotic treatment

Infection No infection Overall

Test positive                             85                           20                    105
Test negative                            60                           96                    156
Overall                                   145                         116                    261
                                                                                                              

95%-CI

Sensitivity 58.6% 50.2%-66.7%
Specificity 82.8% 74.6%-89.1%
PPV 81.0% 72.1%-88.0%
NPV 61.5% 53.4%-69.2%
AUC 70.7% 64.4%-77.0%

Synovial culture – Without actual antibiotic treatment

Infection No infection Overall

Test positive                             65                           17                      82
Test negative                            55                         107                    162
Overall                                   120                         124                    244
                                                                                                              

95%-CI

Sensitivity 54.2% 44.8%-63.3%
Specificity 86.3% 79.0%-91.8%
PPV 79.3% 68.9%-87.4%
NPV 66.1% 58.2%-73.3%
AUC 70.2% 63.6%-76.9%

PPV: Positive predictive value; NPV: negative predictive value; AUC:
area under the curve; CI: confidence interval.



Regarding our results of the hip culture in comparison
with the existing literature sensitivity and specificity are in
the range of other studies (sensitivity: 47.6% vs. 58.2%;
specificity: 86.9% vs. 78%; see also Table VI for
comparison) (17-21). A similar pattern can be seen for the
synovial cultures of the knee, at least for sensitivity. Eight

studies exclusively examined the value of synovial cultures
from knee joint aspiration at the start of therapy (22-29). The
mean sensitivity was 70%, the mean specificity 97% (our
study: 71.7% and 81.6%) (Table VI). The lower specificity
for knee synovial culture of our study is noticeable.
Nonetheless, it should be mentioned that in contrast to other
studies, samples that were obtained within the sometimes
complex therapeutic regimen were also taken into account in
our study. This could explain the difference in this issue. We
were unable to find any significant differences regarding the
timing of the infection, although the general distribution of
our data is comparable to the literature (30, 31).

Furthermore, there were no significantly different values
in our study for synovial culture with or ongoing antibiotic
treatment. The number of existing studies for the diagnostic
value of synovial cultures in dependence of antibiotic
treatment is sparse and contradictory though. Mendelez et al.
found a higher sensitivity for synovial culture in patients
receiving antibiotic treatment in the last 30 days (29).
However, the authors forego a precise analysis of the
duration of the antibiotic pause. In contrast, Barrack and
colleagues showed a lower sensitivity, if the samples were
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Table V. Results of all synovial aspiration cultures with prosthesis in situ,
partial removal of the prosthesis and complete removal of the prosthesis.

Synovial culture aspiration – Prosthesis in situ

Infection No infection Overall

Test positive                           121                           24                    145
Test negative                            68                         100                    168
Overall                                   189                         124                    313
                                                                                                              

95%-CI

Sensitivity 64.0% 56.7%-70.9%
Specificity 80.7% 72.6%-87.2%
PPV 83.5% 76.4%-89.1%
NPV 59.5% 51.7%-67.0%
AUC 72.3% 66.6%-78.1%

Synovial culture aspiration – Partial removal of prosthesis

Infection No infection Overall

Test positive                             21                             4                      25
Test negative                            10                           23                      33
Overall                                      31                           27                      58
                                                                                                              

95%-CI

Sensitivity 67.7% 48.6%-83.3%
Specificity 85.2% 66.3%-95.8%
PPV 84.0% 63.9%-95.5%
NPV 69.7% 51.3%-84.4%
AUC 76.5% 63.8%-89.1%

Synovial culture aspiration – Complete removal of prosthesis

Infection No infection Overall

Test positive                               8                             9                      17
Test negative                            37                           80                    117
Overall                                      45                           89                    134
                                                                                                              

95%-CI

Sensitivity 17.8% 8.0%-32.1%
Specificity 89.9% 81.7%-95.3%
PPV 47.1% 23.0%-72.3%
NPV 68.4% 59.1%-76.7%
AUC 53.8% 43.3%-64.4%
                                                     
PPV: Positive predictive value; NPV: negative predictive value; AUC:
area under the curve; CI: confidence interval.

Figure 3. Results for synovial culture aspiration with prosthesis in situ,
partial removal and complete removal with presentation of the
statistically significant differences (*significant with respect to 95% CI,
p-value for ROC in the graphic).



taken under antibiotic therapy (22). Unfortunately, our study
has limited suitability for a differentiated statement of the
effect of antibiotic therapy. Due to the retrospective design,
it remains in some cases unclear, whether an antibiogram
adapted therapy was already carried out and which exact
therapy was performed in the ambulatory sector. 

In this study, we found that the sensitivity and AUC
significantly reduced in case of complete removal of the
prosthesis. This underlines the importance of the biofilm
on the implant surface for the pathogenesis and diagnosis
of periprosthetic infections. On the one hand, the removal
of the biofilm is essential for the treatment of a foreign
body-associated infection (7). As our data show, however,
the diagnostic value of synovial cultures decreases
enormously after removal of the implant and consequently
the biofilm. These results support that the probability of a
successful cultural pathogen detection in the puncture
depends crucially on the release of planktonic germs from
the biofilm on the implant surface, as already described by
other authors (15, 32). Moreover, it seems, that it does not
make sense to collect synovial samples for cultural

analysis in the prosthesis-free interval to exclude a
persistent infection.

The specificity was comparable in all three different
situations with prosthesis in situ, partial removal or complete
removal of prosthesis. However, one has to be careful with
interpretation of the high specificity of 89.9% in complete
removal, as this means a false positive rate of 10.1% and thus
could lead to an unnecessary additional operation. On the
other hand, as the specificity of partial removal, for example
in megaprosthesis after trauma or tumour is comparable with
the complete removal, the synovial culture could be a
decision support especially in these critical patients.

The study had certain imitations and strengths. First, it
should be pointed out that using a different definition system
of periprosthetic infection might have achieved different
results. We opted for the consensus classification, but some
authors use different definitions, which reduces comparability
(33). Further, as this is a retrospective study, a standardization
of the puncture/aspiration itself (although these standards did
not change in our clinic during the study) cannot be
guaranteed with absolute certainty. As mentioned above, in
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Table VI. Diagnostic value of synovial culture with prosthesis in the literature in comparison to this study.

Other studies regarding diagnostic value of synovial culture with prosthesis 

Author, year Investigation Pat. (n=) Sens. Spec.

Morgenstern et al., 2018 (34) Hip and Knee 142 52% 98%
Prieto-Borja et al., 2018 (30) Hip, Knee, Shoulder 200 54.8% 94.2%
Janz et al., 2016 (17) Hip 69 68% 50%
Melendez et al., 2016 (29) Knee 284 76.1% 97.4%
Melendez et al., 2016 (29) Knee with antibiotic therapy within 30 days 70 85.4%
Janz et al., 2015 (28) Knee 109 67% 97%
Ryu et al., 2014 (27) Knee 89 72% 96%
Cazanave et al., 2013 (35) Hip and Knee 434 66.3% 96.9%
Janz et al., 2013 (36) Hip and Knee 59 91% 81%
Janz et al., 2013 (18) Hip 102 66% 96%
Gomez et al., 2012 (37) Hip and Knee 366 64.7% 96.9%
Tohtz et al., 2010 (20) Hip 64 15.8% 97.8%
Müller et al., 2009 (19) Hip 106 61% 50%
Fink et al., 2008 (24) Knee 145 72.5% 95.2%
Gallo et al., 2008 (31) Hip, Knee and Elbow 115 43.5% 93.8%
Fuerst et al., 2005 (25) Knee 75 68.8% 96.6%
Williams et al., 2004 (21) Hip 273 80% 94%
Kordelle et al., 2004 (26) Knee 45 50% 100%
Virolainen et al., 2002 (12) Hip and Knee 68 75% 100%
Teller et al., 2000 (38) All arthroplasties 166 28% 99%
Barrack et al, 1997 (22) Knee 67 55% 96%
Barrack et al., 1997 (22) Knee without prior antibiotic therapy 53 75% 96%
Duff et al., 1996 (23) Knee 43 100% 100%
Glithero et al, 1993 (39) Hip and Knee 54 89% 97%
Levitsky et al., 1991 (40) Hip and Knee 70 67% 96%
Johnson et al., 1988 (41) Hip, Knee and Shoulder 28 12% 81%
This study Hip and Knee 183 57% 86%

Pat.: Patients; N: numbers; Sens.: sensitivity; Spec.: specificity. 



contrast to other studies we included samples within the
complex regime of periprosthetic infections as well, which
limits the comparability to them. On the other hand, we
consider our results to be valid precisely because this comes
closer to the clinical course than an isolated observation of
the synovial aspiration culture at the beginning of therapy.

Conclusion

It could be shown that the sensitivity decreases significantly
when the prosthesis material is completely removed, whereas
the results with partially removed prosthesis material are
comparable with the results with the prosthesis material left
in place. Due to the low sensitivity, obtaining several
synovial cultures in the prosthesis-free interval to exclude
persistence of infection does not seem reasonable.
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