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Abstract. Aim: Lavage aspiration following a dry tap remains a debated technique in the work-up for peripros-
thetic joint infection (PJI) of the hip and knee. This systematic review critically appraises the available evidence,
with a particular focus on the diagnostic yield of lavage aspiration in detecting PJIs that would otherwise be
missed. Methods: A comprehensive literature search was conducted in accordance with PRISMA guidelines
across PubMed, Embase, MEDLINE, and Cochrane databases. Results: Eleven studies met the inclusion cri-
teria, all level IV case series. Across 1965 patients, 2199 aspirations were performed. Overall, 798 procedures
(36 %) resulted in a dry tap. Lavage aspiration was attempted in 698 of these cases, with 691 successful at-
tempts. Among dry taps, 154 PJIs were ultimately identified, corresponding to a PJI prevalence of 19 %. Lavage
aspiration contributed to a correct diagnosis in 22 % of successful procedures. Pooled culture sensitivity and
specificity following saline lavage were 66 % and 89 %, respectively. The diagnostic performance of polymor-
phonuclear neutrophils (PMNs) > 80 % was similar between saline lavage and normal aspiration. Although no
safety concerns were reported, the potential introduction of pathogens and the risk of false-positive results re-
main concerns that are not fully mitigated by the available evidence. Conclusion: One in three aspirations result
in a dry tap. Lavage aspiration provides analysable fluid in nearly all cases and appears to enable the diagnosis
of PJI in roughly one out of five patients in whom standard aspiration fails. However, more robust evidence is
needed before it can be recommended as a universal technique.
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1 Introduction

Successful treatment of a patient with a potential peripros-
thetic joint infection (PJI) starts with a correct diagnosis
as both over- and under-treatment can have severe conse-
quences. The workhorse in the diagnostic process is the
image-guided arthrocentesis, after which synovial fluid is
sent for diagnostic testing. According to the 2021 Euro-
pean Bone & Joint Infection Society (EBJIS) criteria, a
PJI is present in case the synovial fluid contains over 3000
white blood cells (WBCs) per microlitre, of which over 80 %
are polymorphonuclear neutrophils (PMNs) or when alpha-
defensin testing is positive (McNally et al., 2021). Identifica-
tion of highly pathogenic micro-organisms, such as Staphy-
lococcus aureus or Gram-negative rods, is also considered
strongly indicative of infection. The confirmation or exclu-
sion of a PJI beforehand offers several advantages. Beyond
being essential for selecting the correct surgical treatment
strategy, it also allows for adequate patient counselling, es-
timating operating time, and the correct use of antibiotics.

Unfortunately, not all joint aspirations yield (sufficient)
synovial fluid. It is estimated that these so-called dry taps are
encountered in one out of three cases (Roberts et al., 1992;
Mulcahy et al., 1996; Somme et al., 2003; Ali et al., 2006;
Partridge et al., 2018; Barker et al., 2021; Christensen et al.,
2022; Treu et al., 2023). Reasons for not being able to aspi-
rate joint fluid include inadequate technique, premature end-
ing of the procedure due to discomfort for the patient, the
fluid being too thick to pass through to the needle, or debris
clogging the needle as soon as aspiration is attempted (Fig.
1).

Importantly, a dry tap does not exclude the presence of
infection. Studies have shown that PJI was present in 14 %
of patients who had a pre-operative dry tap (Serfaty et al.,
2022). Efforts should therefore be made to avoid these un-
successful joint aspirations. Measures should include using
image guidance such as fluoroscopy or ultrasound, providing
adequate analgesia and sedation when the procedure turns
out to be painful for the patient, and having the procedure
performed by an experienced surgeon or radiologist. An-
other, but controversial, method to deal with a dry tap is the
so-called saline lavage aspiration. In this procedure, saline is
injected into the artificial joint and the proportion of fluid
that can be re-aspirated is sent for diagnostic testing. De-
spite some promising studies, the 2025 International Con-
sensus Meeting (ICM) on Musculoskeletal Infection (Istan-
bul) advised against performing lavage aspiration after a dry
tap (Burgo et al., 2025). This recommendation was primarily
based on the limited and heterogeneous evidence available,
the absence of a standardised technique, and concerns about
potential false-positive results and iatrogenic infections. The
lack of standardisation represents a modifiable limitation that
could be addressed through clear guidance from international
expert bodies such as the ICM and EBJIS.

Figure 1. Intra-operative photograph during a revision for a PJI
of a THA. A pre-operative arthrocentesis yielded a dry tap, which
was followed by a lavage aspiration that led to the identification
of Staphylococcus epidermidis. An intra-operative aspiration again
led to a dry tap. After the posterior arthrotomy, it was found that nu-
merous flakes occupied the joint space (white arrow), which proba-
bly clogged the needle during attempted aspiration. Four out of six
intra-operative samples were again positive for S. epidermidis PJI.
GT – greater trochanter, GM – gluteus medius, A – acetabulum.

Joint aspiration and intra-articular injection are inherently
invasive procedures that carry some procedural risks when
performed in the setting of total hip arthroplasty (THA) and
total knee arthroplasty (TKA), most notably the risk of ia-
trogenic PJI. However, when performed under strict aseptic
conditions by an experienced clinician, this risk appears to be
extremely low. In a retrospective analysis of 133 diagnostic
knee aspirations in 115 TKAs, Keating et al. (2023) reported
no cases of iatrogenic PJIs or aspiration-related complica-
tions over 6 months of follow-up. Similarly, Rajakulasingam
et al. (2021) observed no iatrogenic PJIs or post-procedural
complications across 111 synovial aspiration and biopsy pro-
cedures in a cohort of 103 THA and TKA patients followed
for 1 year. The absence of observed events in these studies
should not be interpreted as evidence that the true risk is
zero. A nationwide epidemiological study from Iceland es-
timated the incidence of septic arthritis following arthrocen-
tesis at approximately 0.037 % per procedure (Geirsson et
al., 2008), and other cohort studies evaluating arthrocentesis
and intra-articular injections have likewise reported very low
but measurable rates, generally below 0.1 % (Petersen et al.,
2019). The risk may be further amplified in the context of
prosthetic joints, as the minimal infecting dose is more than
10 000-fold lower in the presence of an implant than in its
absence (Zimmerli et al., 1982).
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By contrast, intra-articular corticosteroid injection (IACI)
into prosthetic joints has been associated with a significantly
elevated risk of PJI. Across both TKA and unicompartmental
knee arthroplasty (UKA) populations, reported PJI rates fol-
lowing IACI range from 1.3 % to 2.7 % in injected patients,
compared to 0.8 % to 1.3 % in non-injected controls (Mills et
al., 2018; Roecker et al., 2020; Durst et al., 2023; Rodriguez
et al., 2023).

Arguably, the risks of saline lavage will probably be
slightly higher than a plain joint aspiration but significantly
lower than corticosteroid injections and should be weighed
against the risks of missing the diagnosis of PJI before revi-
sion surgery.

Ultimately, the validity of the current recommendation de-
pends on balancing the potential reduction in diagnostic ac-
curacy due to dilution of the synovial fluid sample against
the serious consequences of missing a PJI prior to revision
surgery.

In this systematic review, we aim to critically evaluate the
role of lavage aspiration after a dry tap in the work-up of PJI.
We are particularly interested in the frequency that lavage
aspiration leads to the diagnose of PJI, which would other-
wise have been missed. Other outcomes investigated are the
predictive values of lavage aspiration and its safety profile.

2 Materials and methods

2.1 Search strategy

A comprehensive literature search was conducted on 1 April
2025 in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. Databases searched included PubMed, Scopus, Em-
base, MEDLINE, and Cochrane. The following freetext
keywords were used: (lavage OR reaspiration OR dry tap
OR arthrocentesis) AND ((peri)prosthetic joint infection OR
PJI). Conference abstracts and preprints were excluded from
the search. Only full-text articles published in English were
considered, with no restrictions on publication date. Ref-
erence lists of included studies were manually screened to
identify additional eligible articles. Prior to the search, the
study protocol was registered in the PROSPERO interna-
tional prospective register of systematic reviews (ID no.
1024609).

2.2 Eligibility criteria

After the removal of duplicates, all records were screened
independently by two reviewers (SB, GV), who were not
blinded to study authorship or journal of publication. Studies
were included if they (1) involved an adult population (≥ 18
years), (2) reported on at least five patients who underwent
lavage aspiration after dry tap, and (3) met minimum quality
standards (see below).

2.3 Quality assessment

Study quality was assessed using the National Institutes of
Health (NIH) Quality Assessment Tool for Case Series. Only
studies scoring ≥ 6 were included. Risk of bias assessment
was performed independently by two reviewers (SB, GV),
with disagreements resolved by consensus.

2.4 Definition of PJI

As no standardised definition of PJI was uniformly reported
across studies, the diagnostic criteria provided by each study
were accepted as presented. Intra-operative culture results
were generally used as the primary determinant. Eight stud-
ies defined PJI as two positive cultures with the same organ-
ism (Mulcahy et al., 1996; Somme et al., 2003; Ali et al.,
2006; Newman et al., 2017; Li et al., 2019; Heckmann et al.,
2020; Christensen et al., 2022; Treu et al., 2023), while three
studies required three positive cultures with the same organ-
ism (Roberts et al., 1992; Partridge et al., 2018; Barker et
al., 2021). A single positive culture was considered probable
contamination. No distinction was made between acute and
chronic PJIs.

2.5 Data extraction and outcomes

From each included study, data were extracted on sample
size, demographic characteristics, type of intervention, and
relevant outcome parameters. The primary outcome was the
frequency of PJI diagnosis following lavage aspiration af-
ter initial dry tap. Secondary outcomes included diagnos-
tic performance of synovial fluid parameters (WBC count
> 3000 µL−1, PMN percentage > 80 %, and culture results)
as well as reported complications and safety concerns. The
culture results of the lavage aspiration were regarded as true
positive if it demonstrated concordance with the culture find-
ings from intra-operative specimens in nine studies (Roberts
et al., 1992; Mulcahy et al., 1996; Somme et al., 2003; Ali et
al., 2006; Newman et al., 2017; Partridge et al., 2018; Barker
et al., 2021; Christensen et al., 2022; Treu et al., 2023). Heck-
mann et al. (2020) compared the culture results of pre- and
post-lavage aspirations.

As indicated in Table 3, (some of) the diagnostic charac-
teristics in seven studies were calculated based on the raw
data reported in each study (Roberts et al., 1992; Mulcahy et
al., 1996; Somme et al., 2003; Heckmann et al., 2020; Barker
et al., 2021; Christensen et al., 2022; Treu et al., 2023).

2.6 Statistical analysis

Descriptive analyses were performed using IBM SPSS
Statistics version 28 (Armonk, NY, USA).
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3 Results

3.1 Studies included

A total of 2836 records were identified (2833 through
database searches and three through manual reference list
screening). After the removal of duplicates and title/abstract
screening, 19 full-text articles were assessed for eligibility.
Eight failed to meet the inclusion criteria, leaving 11 studies
for final analysis (Fig. 2). Of these, five applied the (modi-
fied) Musculoskeletal Infection Society (MSIS) International
Consensus Meeting (ICM) criteria and one applied the Euro-
pean Bone and Joint Infection Society (EBJIS) criteria for
the diagnosis of PJI.

3.2 Quality assessment

No randomised controlled trials were identified. All included
studies were case series (level IV evidence) and achieved
a score ≥ 6 on the NIH Quality Assessment Tool for Case
Series, with a mean score of 7.5 (Table 1). Study quality
was limited by retrospective design; small sample sizes (7 of
11 studies reported < 50 lavage aspirations); the absence of
controls or comparator groups; potential selection bias; and
methodological heterogeneity regarding needle size, aspira-
tion technique, and outcome measures.

3.3 Patient demographics

Across the 11 studies, 2199 aspirations were reported in 1965
patients. This discrepancy was due to repeat and/or bilateral
aspirations in the same patient (Somme et al., 2003; New-
man et al., 2017; Partridge et al., 2018) or failure to obtain
synovial fluid despite lavage (Roberts et al., 1992; Somme
et al., 2003). Of all aspirations, 1401 were successful and
798 resulted in a dry tap (Table 2). Patient demographics in-
cluded 585 males and 662 females; sex was not reported for
718 patients (4 of 11 studies) (Roberts et al., 1992; Ali et al.,
2006; Partridge et al., 2018; Barker et al., 2021). The mean
patient age was 64.3 years (range 32–82). Across all stud-
ies, a total of 1659 unique hips and 438 unique knees were
included. The higher number of aspirations reflects 102 re-
peat aspirations performed in hips. Most procedures were
fluoroscopy guided (77 %), followed by ultrasound-guided
aspiration (15 %). In seven studies, joint aspiration was per-
formed in patients who demonstrated clinical manifestations
and/or biochemical evidence indicative of PJI (Roberts et
al., 1992; Ali et al., 2006; Newman et al., 2017; Li et al.,
2019; Partridge et al., 2018; Barker et al., 2021; Christensen
et al., 2022). The remaining four studies conducted aspira-
tions as part of a routine pre-operative assessment prior to
revision arthroplasty (Mulcahy et al., 1996; Somme et al.,
2003; Heckmann et al., 2020; Treu et al., 2023).

3.4 Lavage aspiration technique

Considerable heterogeneity in terms of needle type and size,
lavage volume, and arthrocentesis technique was noted (Ta-
ble 1). Saline was the lavage fluid of choice in all included
studies. Four studies specifically described the use of normal
or isotonic saline (sodium chloride 0.9 %) in order to pre-
vent cell lysis (Mulcahy et al., 1996; Li et al., 2019; Heck-
mann et al., 2020; Barker et al., 2021). Lavage aspiration
of 10 mL saline was the most frequently reported volume
(Roberts et al., 1992; Mulcahy et al., 1996; Ali et al., 2006; Li
et al., 2019; Barker et al., 2021). Heckmann et al. (2020) de-
scribed performing lavage aspiration intra-operatively prior
to arthrotomy. Each joint was initially aspirated to remove
the maximum possible amount of fluid, thereby simulating
the clinical scenario of a dry tap. Subsequently, a lavage as-
piration was conducted using 20 mL of sterile saline. Roberts
et al. (1992) described often recovering only 2 to 3 mL after
lavage of 10 mL saline; no other study reported the aspirated
volume after lavage.

Spinal needles of 20G (gauge) were the most frequently
reported needle type (Roberts et al., 1992; Ali et al., 2006; Li
et al., 2019).

In over 82 % (9/11) of the studies, fluoroscopic-guided as-
piration was the arthrocentesis technique of choice (Table 2).
Ultrasound-guided aspiration was the second-most reported
technique. The injection of contrast agents as lavage fluid
was not performed in any of the included studies due to its
bacteriostatic properties (Lopitaux et al., 1992; Glithero et
al., 1993; Blake and Halasz, 1995; Taylor and Beggs, 1995;
Cheung et al., 1997). However, the correct position of the
needle within the joint was confirmed by an arthrogram in
two studies (Mulcahy et al., 1996; Treu et al., 2023). Par-
tridge et al. (2018) also described the injection of air to con-
firm the intra-articular position of the needle. Moreover, five
studies reported that no attempt was made to infiltrate deeper
than subcutaneous tissues with local anaesthetic because of
concerns regarding bacteriostatic properties (Schmidt and
Rosenkranz, 1970; Barrack and Harris, 1993; Kraemer et al.,
1993; Roberts et al., 1992; Ali et al., 2006; Kung et al., 2012;
Partridge et al., 2018; Li et al., 2019; Treu et al., 2023).

3.5 Primary outcome

Independent of arthrocentesis technique, the frequency of di-
agnosing PJI with lavage aspiration after dry tap was cal-
culated to be 22 %. A total of 154 true positive PJIs were
reported in 691 successful lavage aspirations after dry tap
(Table 3).

3.6 Diagnostic characteristics of lavage aspiration after
dry tap

A total of 798 dry taps occurred in 2199 aspirations (36 %).
In the majority of these (87 %), a successful lavage aspiration
was performed (Table 2). In the remaining dry taps, a failed
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Figure 2. PRISMA flow diagram. n – sample size.

lavage aspiration (1 %) or unknown procedure (12 %) was
reported.

3.6.1 Diagnostic characteristics of synovial fluid cultures
after lavage aspiration

The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were described or cal-
culated for the results of synovial fluid cultures after lavage
aspiration in all included studies (Table 3).

The mean sensitivity was 66 % (range 0 %–100 %). Only
Mulcahy et al. (1996) described a sensitivity of 0 % in 26
lavage aspirations, representing only 4 % of the lavage aspi-
ration population. Three studies (Somme et al., 2003; Barker
et al., 2021; Treu et al., 2023) reported a sensitivity of 100 %
in a total of 36 lavage aspirations, which constituted 5 % of
the lavage aspiration population.

The mean specificity was 89 % (range 79 %–100 %). Six
studies (Roberts et al., 1992; Mulcahy et al., 1996; Somme
et al., 2003; Partridge et al., 2018; Li et al., 2021; Barker
et al., 2021) reported a specificity of 100 % in 121 lavage
aspirations (18 %).

The mean PPV was 74 % (range 0 %–100 %). Mulcahy et
al. (1996) described a PPV of 0 % in 26 lavage aspirations
(4 %). Five studies (Roberts et al., 1992; Somme et al., 2003;
Newman et al., 2017; Barker et al., 2021; Treu et al., 2023)
reported a PPV of 100 % in 95 lavage aspirations (14 %).

The mean NPV was 89 % (range 75 %–100 %). Three
studies (Somme et al., 2003; Barker et al., 2021; Treu et al.,
2023) reported an NPV of 100 % in 36 lavage aspirations
(5 %).

Across 691 successful lavage procedures, we identified 51
potential false-positive results based on a comparison with
intra-operative cultures. This would correspond to a false-
positive rate of approximately 7.4 %, which is reflected in
the pooled specificity of 89 %. However, these data should
be interpreted with utmost caution given the shortcomings of
basing the diagnosis of low-grade PJI on just conventional
culture results. For example, pre-operative analysis and cul-
ture of lavage synovial fluid could show a positive cytology
(despite dilution), and the presence of Cutibacterium acnes
and intra-operative cytology and histopathology could again
be confirmatory for PJI, but tissue cultures could remain neg-
ative. This does not mean that the pre-operative culture result
should be considered false-positive. To mitigate these risks,
clinicians should always interpret (lavage) results in the con-
text of broader diagnostic markers, as outlined in frameworks
such as the EBJIS or MSIS.

It is furthermore important to acknowledge the consider-
able heterogeneity in culture systems and incubation pro-
tocols, when these were reported at all, which likely con-
tributed to the wide variability observed across diagnostic
performance metrics. Five studies employed blood culture
media (Roberts et al., 1992; Ali et al., 2006; Partridge et al.,
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Table 1. Study characteristics and quality rating.

Author, year Journal Country Design Quality N Lavage Arthrocentesis
aspiration technique

Roberts et al.
(1992)

Bone and Joint Surgery UK Retrospective
case-series

NIH 6/9 81 38 Fluoroscopic

Mulcahy et al.
(1996)

The Journal of
Arthroplasty

Ireland Retrospective
case-series

NIH 6/9 71 26 Fluoroscopic

Somme et al.
(2003)

Joint Bone Spine France Retrospective
case-series

NIH 7/9 100 25 Fluoroscopic

Ali et al. (2006) The Journal of
Arthroplasty

UK Retrospective
case-series

NIH 8/9 73 23 Fluoroscopic

Newman et al.
(2017)

Clinical Orthopaedics
and Related Research

USA Retrospective
case-series

NIH 8/9 80 21 Fluoroscopic

Partridge et al.
(2018)

The Bone & Joint
Journal

USA Retrospective
case-series

NIH 8/9 543 267 Fluoroscopic

Li et al. (2019) Bone and Joint Surgery China Retrospective
case-series

NIH 8/9 286 82 Anatomic landmark

Heckmann et al.
(2020)

The Bone & Joint
Journal

USA Retrospective
case-series

NIH 8/9 78 78 Intra-operative

Barker et al. (2021) Journal of Bone and
Joint Infection

UK Retrospective
case-series

NIH 8/9 107 5 Fluoroscopic

Christensen et al.
(2022)

The Journal of
Arthroplasty

USA Retrospective
case-series

NIH 8/9 335 120 Ultrasound,
fluoroscopic, or CT

Treu et al. (2023) Journal of Bone and
Joint Infection

USA Retrospective
case-series

NIH 8/9 211 8 Ultrasound and
fluoroscopic

N – sample size; NIH – National Institutes of Health Quality Assessment Tool; CT – computed tomography.

2018; Li et al., 2019; Barker et al., 2021), whereas Somme et
al. (2003) utilised agar-based media. In the remaining stud-
ies, the culture system was not described.

3.6.2 Diagnostic characteristics of synovial fluid
cytology after lavage aspiration

Heckmann et al. (2020) and Christensen et al. (2022)
reported the diagnostic characteristics of WBC count >

3000 cells µL−1 (Table 4). The mean sensitivity, specificity,
PPV, and NPV were respectively 65 %, 89 %, 53 %, and 94 %
in 198 lavage aspirations, representing 29 % of the lavage as-
piration population.

The diagnostic characteristics of PMNs > 80 % were de-
scribed by Newman et al. (2017), Heckmann et al. (2020)
and Christensen et al. (2022). The mean sensitivity, speci-
ficity, PPV, and NPV were respectively 87 %, 81 %, 46 % and
96 % in 219 lavage aspirations, which constituted 32 % of the
lavage aspiration population.

3.7 Safety profile

Across all 11 included studies, no procedural complication
attributable to this technique in comparison to successful
taps was reported. The primary safety concerns identified in
the literature are theoretical or indirect: the risk of introduc-
ing infection through the procedure, the generation of false-
positive results through contamination during lavage, the di-
lution of synovial biomarkers leading to false-negative cell
count interpretations, the bacteriostatic potential of injected
substances, and the operator-dependent variability in suc-
cess rates. These concerns are discussed with varying depth
across studies, but none has been quantified through adverse
event surveillance. The absence of a standardised approach
to safety reporting across the included literature represents a
notable gap.

4 Discussion

This systematic review identified and critically appraised 11
studies evaluating the role of lavage aspiration after a dry tap
in the diagnostic work-up of patients with potential PJI. The
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Table 2. Overall summary of patients.

Sum (%)

N patients 1965

N aspirations 2199

Gender
Male 585 (30)
Female 662 (34)
Unknown 718 (37)

Age (mean) 64.3

Joint
Hip 1659 (79)
Knee 438 (21)

Arthrocentesis technique
Fluoroscopic 1687 (77)
Ultrasound 343 (15)
Anatomic landmark 82 (4)
Intra-operative 78 (3)
CT 9 (1)

Initial aspiration
Successful tap 1401 (64)
Dry tap 798 (36)

After dry tap
Successful lavage aspiration 693 (87)
Failed lavage aspiration 5 (1)
Unknown 100 (12)

pooled incidence of dry tap was 36 %, consistent with previ-
ously reported rates of 30 %–45 % in the literature (Kung et
al., 2012; Kanthawang et al., 2021; Ong et al., 2022; Treu et
al., 2024). Among patients experiencing a dry tap, 154 PJIs
were ultimately diagnosed, corresponding to an overall PJI
prevalence of 19 % in this cohort. Notably, lavage aspiration
yielded a correct PJI diagnosis in 22 % of cases in which as-
piration after lavage was successful. These findings indicate
that lavage aspiration might be a valuable adjunct when in-
sufficient synovial fluid is obtained, and a dry tap should not
– by any means – be considered exclusionary for PJI.

Several strategies have been proposed to reduce the oc-
currence of dry taps during diagnostic arthrocentesis. These
include strict adherence to correct technique by an experi-
enced clinician, the provision of adequate analgesia or seda-
tion, and the use of image guidance (Heckmann et al., 2020;
Serfaty et al., 2022; Treu et al., 2023, 2024). Ultrasound guid-
ance, in particular, has been shown to decrease the frequency
of dry aspirations by directly targeting effusions (Battaglia
et al., 2011; Randelli et al., 2018; Treu et al., 2023). More-
over, multiple studies have reported superior diagnostic per-
formance and enhanced safety profiles with ultrasound com-
pared to fluoroscopic guidance (Battaglia et al., 2011; Ran-
delli et al., 2018; Treu et al., 2023), suggesting that ultra-

sound may represent the preferred modality in this setting.
Nevertheless, further investigations employing standardised
arthrocentesis protocols are warranted to validate these find-
ings and to determine whether such measures effectively re-
duce both dry taps and unexpected positive intra-operative
cultures (UPICs).

If a dry tap occurs despite the measures described above,
several options remain for confirming or excluding a PJI.
In addition to lavage aspiration, these include repeat aspira-
tion after an interval, open biopsy, and intra-operative tests –
such as frozen sections and alpha-defensin – performed dur-
ing revision arthroplasty (Sigmund et al., 2019; Russo et al.,
2025; Sigmund et al., 2025). Image-guided synovial biopsy
appears to be a particularly promising option, as it could be
done directly when a dry tap is encountered, has high diag-
nostic yield, and allows for both microbiological as well as
histopathological analysis (Macnair et al., 2023). However, it
does not provide a PMN %, which remains one of the most
valuable pre-operative diagnostic criteria for PJI. An RCT
comparing saline lavage aspiration with synovial biopsy in
the setting of a dry tap would therefore be of considerable
interest. When interpreting results from lavage aspiration,
several considerations should be made. First, culture sensi-
tivity after lavage aspiration averaged 66 %, consistent with
the wide variability (12 %–100 %) reported for standard as-
piration (Fitzgerald et al., 1977; O’Neill and Harris, 1984;
Magnuson et al., 1988; Levitsky et al., 1991; Barrack and
Harris, 1993; Kraemer et al., 1993; Lachiewicz et al., 1996;
Spangehl et al., 1999). Specificity averaged 89 %, also con-
sistent with the 81 %–100 % range reported for standard aspi-
ration (Magnuson et al., 1988; Levitsky et al., 1991; Barrack
and Harris, 1993; Kraemer et al., 1993; Tigges et al., 1993;
Duff et al., 1996; Fehring and Cohen, 1996; Lachiewicz et
al., 1996; Spangehl et al., 1999; Teller et al., 2000). Second,
saline lavage dilutes synovial fluid, lowering absolute WBC
counts but preserving relative PMN percentages (Heckmann
et al., 2020; Christensen et al., 2022). Thus, the threshold
of PMNs > 80 % remains a reliable marker, while absolute
WBC counts must be interpreted with caution. If – after di-
lution – the fluid sample still contains over 1500–3000 white
blood cells (WBCs) per microlitre, this of course remains a
strong argument for the existence of PJI.

None of the studies included reported safety concerns with
lavage aspiration. Nevertheless, the potential introduction of
pathogens into the joint and the risk of false-positive results
remain concerns that are not fully mitigated by the available
evidence. This small risk must be balanced against the benefit
of avoiding a missed diagnosis, as approximately one in five
PJIs were identified only after lavage aspiration.

5 Limitations

This review has several limitations. All included studies were
level IV case series, most with retrospective designs, small
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Table 3. Diagnostic characteristics of synovial fluid cultures after lavage aspiration.

Author Lavage True True True Sensitivity Specificity PPV NPV
aspirations positives, positives/lavage positives/dry

n aspirations (%) taps (%)

Roberts et al. (1992)b 38 3 3/38 (8) 3/38 (8) 60 100 100 94

Mulcahy et al. (1996)b 26 0 0/26 (0) 0/26 (0) 0 100 0 88

Somme et al. (2003)b 25 10 10/23a (44) 10/25 (40) 100 100 100 100

Ali et al. (2006) 23 5 5/23 (22) 5/23 (22) 83 83 63 93

Newman et al. (2017) 21 1 1/21 (5) 1/21 (5) 17 100 100 75

Partridge et al. (2018) 267 77 77/267 (29) 77/267 (29) 87 79 72 90

Li et al. (2019) 82 40 40/82 (49) 40/82 (49) 85 86 89 81

Heckmann et al.
(2020)b

78 6 6/78 (8) 6/78 (8) 38 94 60 85

Barker et al. (2021)b 5 2 2/5 (40) 2/5 (40) 100 100 100 100

Christensen et al.
(2022)b

120 6 6/120 (5) 6/120 (5) 33 98 75 89

Treu et al. (2023)b 8 4 4/8 (50) 4/115 (4) 100 100 100 100

n – number of true positive aspirations after lavage; PPV – positive predictive value; NPV – negative predictive value; a 2 lavage aspirations failed; b (some) diagnostic
characteristics calculated based on the reported data.

Table 4. Diagnostic characteristics of secondary outcomes.

Author Diagnostic parameter Sensitivity Specificity PPV NPV

Newman et al. (2017) PMN 33 87 5 71

Heckmann et al. (2020) WBC 63 98 91 91
PMN 81 97 91 91

Christensen et al. (2022) WBC 67 83 29 96
PMN 100 70 27 100

WBC – WBC count > 3000 cells µL−1; PMN – PMNs > 80 %; PPV – positive predictive value; NPV – negative predictive
value.

sample sizes, and potential selection bias. Considerable het-
erogeneity in lavage technique and outcome reporting further
limits the generalisability of findings. Moreover, no standard-
ised definition of PJI was uniformly applied across the stud-
ies; therefore, the diagnostic criteria reported by each study
were accepted as originally defined by the respective authors.
Finally, the lack of a standardised culture platform or incu-
bation protocol likely contributed to the marked variability in
reported sensitivity and specificity among the studies.

6 Conclusion

Approximately one in three aspirations result in a dry tap.
Saline lavage aspiration provides analysable fluid in nearly
all cases and appears to enable the diagnosis of PJI in roughly
one out of five patients in whom standard aspiration fails.

However, more robust evidence is needed before it can be
recommended as a universal technique.
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