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Background: Sonication fluid culture is routinely conducted in patients with suspected orthopedic device-
related infection (ORI). However, its value in the assessment of orthopedic devices that have explanted
because of presumed aseptic loosening is still debatable. A meta-analysis was conducted to estimate the yield
of sonication fluid culture in detecting the presence of microorganisms in orthopedic devices with presumed
aseptic loosening, and to summarize the clinical characteristics and outcomes of these patients.

Methods: A meta-analysis was performed of peer-reviewed publications detailing the characteristics of
patients whose orthopedic devices were explanted for presumed aseptic loosening and who underwent
subsequent sonication fluid culture. Diagnostic data were extracted and pooled to estimate the yield of
sonication fluid culture for detecting the presence of microorganisms with 95% confidence intervals (CI).
Results: Eight studies involving 421 patients were included in the meta-analysis analysis. The pooled
results showed that sonication fluid culture had a yield of approximately 30% (95% CI: 20-41%) for
identifying the presence of microorganisms in presumed aseptic loosening of orthopedic devices; this yield
was higher than that of intraoperative tissue culture (22%, 95% CI: 8-41%) and aspirated fluid culture (13 %,
95% CI: 7-21%). Sonication and vortexing for <5 min had a detection rate of 49% (95% CI: 43-55%),
which exceeded that of >5 min. Coagulase-negative Streptococcus accounted for 74% (95% CI: 51-92%)
of the isolated microorganisms. However, patients with positive microbiological results of sonication fluid
culture and those with negative results showed similar outcomes after revision surgery.

Conclusions: Colonization of low-virulent microorganisms may exist in a considerable number of
patients with clinically presumed aseptic loosening of orthopedic devices. When this occurs, sonication
(1-5 min at 40 kHz) of fluid culture could act as a sensitive diagnostic tool. However, the question of whether
sonication fluid culture should be integrated into the routine treatment of loosened orthopedic devices

requires further investigation.
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Introduction

Aseptic loosening is a devastating complication following
the implantation of orthopedic devices. As the main reason
for the failure of total hip arthroplasty and spinal fusion,
aseptic loosening is also the third most common cause
of revised total knee arthroplasty (1-3). The occurrence
of aseptic loosening can be related to factors including
stress shielding, microfracture, excessive loading, sagittal
imbalance, allergic reactions, poor component positioning,
local strains on the implant/bone interface, obesity and the
presence of wear debris (1-4). However, implantable devices
are also highly susceptible to bacterial colonization, and it is
likely that the incidence of infection is underestimated (5,6).
Many cases of presumed aseptic loosening may actually
involve the presence of biofilm, especially when the typical
features of infection, such as sinus tracts, highly elevated
inflammatory biomarkers, local swelling, and fever, are
not present (5,6). Biofilms are highly structured matrices
of extracellular polymeric substances built by a single or a
community of bacterial species (Figure 1) (7) that support
the proliferation of microorganisms on implants but no in
the surrounding soft tissue. They provide microorganisms
with increased protection from antibiotics and host defense
mechanisms, and hamper the power of intraoperative tissue
culture or aspirated fluid examinations to detect viable
bacteria (8-10). The accurate identification of biofilm-
embedded bacteria in patients with apparent aseptic
loosening is not only of medico-legal importance but also
facilitates the early initiation of an appropriate therapeutic
regimen by averting the placement of a new implant into an
infected environment (11).

The identification of orthopedic device-related
infections (ORIs) has been hindered by a lack of clear and
standardized diagnostic criteria (12). Currently, cultivation
techniques are the most widely used reference standard for
confirming the microbial causal factors of periprosthetic
joint infection (PJI), fracture-related infection (FRI),
and spinal instrumentation infection in clinical practice
(13-16). However, the yield of peri-implant soft tissue
culture is highly dependent on sampling technique and
might be compromised by the formation of microbial
biofilm (8,9). The use of low-frequency ultrasound
(sonication) on removed implants disrupts the bacterial
biofilm layer, dislodges adherent bacteria, and preserves
the viability of microorganisms (17). Subsequent fluid
culture or polymerase chain reaction (PCR) examination
of microorganism-specific RNA is an alternative method

© Annals of Palliative Medicine. All rights reserved.

1793

Maturation of

Single cell Bacterial cells
attachment  aggragation biofilm

Dispersion of

partial biofilm

Figure 1 Schematic overview of the formation of biofilm, which
can be divided into five phases. During the first phase, planktonic
bacteria attach to the surface of implants and this process is
reversible. The second phase, in which bacteria attach to the
surface of implants and other bacterial cells, is irreversible. In the
next two phases, a matrix of extracellular polysaccharide substances
(EPS) is produced, and as the bacterial colonies start to grow to
their maximum extent, the biofilm becomes mature and stabilized.
From the second to the fourth period, embedded bacteria have no
mobility. In the final phase of this cycle, bacteria inside the biofilm
regain their mobility and starts to disperse to colonize at new

surfaces.

for the identification of ORI (17). According to previous
studies, the sensitivity and specificity of sonication fluid
culture in diagnosing PJI and postoperative spinal infection
are significantly elevated compared to those of conventional
periprosthetic soft tissue cultures (18). Therefore,
sonication can be applied in the diagnosis of low-suspicion
patients with low virulent infections or highly suspected
patients for whom the causative microorganism cannot be
determined (18).

Inspired by these findings, in 2002 Nguyen ez 4/. (19) first
adopted sonication fluid culture to detect the presence of
microorganisms in cases with presumed aseptic loosening
of artificial joints. Surprisingly, they found that 1 of 21 cases
initially regarded as aseptic loosening were associated with
underlying subclinical infection (19). Subsequently, several
studies were undertaken using sonication fluid culture to
investigate various orthopedic devices (e.g., artificial joints,
pedicle screws, and osteo-synthetic instruments) that had
been explanted for reasons other than infection. However,
the positive yield rates reported in these studies were rather
heterogeneous (20-23).

In this study we systematically retrieved related
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investigations with the aims of (I) further evaluating
the yield of sonication fluid culture for detecting the
presence of microorganisms in presumed aseptic loosening
by performing using a meta-analysis of sensitivity, (II)
comparing the test power of sonication fluid culture with
intra-operative culture and aspirated fluid culture; and
(III) evaluating the clinical characteristics and outcomes
of patients with unexpected positive culture results. The
following article is presented in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1228) (24).

Methods

This article was registered in PROSPERO (ID
CRD42020166753). As all data used were retrieved from
published articles, neither ethical approval nor informed
consent was required. Database searching, eligibility
assessment, data extraction, and methodological quality
evaluation were performed by two independent investigators
(Q Zhang and D Li). Disagreement was resolved by
consensus .

Eligibility criteria

Eligible studies were peer-reviewed publications containing
empiric data on the yield of sonication fluid culture for
human patients whose orthopedic devices (artificial joints,
osteo-synthetic materials, pedicle screws) were removed for
loosening without evidence of infection such as sinus tract,
highly elevated serum biomarkers, local swelling and fever.
Reported data were considered sufficient to extract the
number of positive events and enrolled participants.

Databases searching

Searches of three electronic databases (PubMed, Embase,
and the Cochrane Central Register of Controlled Trials)
were conducted using a combination of the two keywords,
“sonication” and “loosening”. The search was open to
articles from database inception to May 10, 2020 and there
were no language restrictions.. The titles and abstracts of
retrieved records were first screened to exclude studies that
did not match the inclusion criteria. The full-texts of the
remaining records and additional articles identified from the
reference lists of the retrieved literature were then acquired
and scrutinized for eligibility.
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Data collection process

Extracted data used for quantitative analysis included the
number of enrolled patients, diagnostic tools, positives
cases with different detection methods, and where possible,
the species of the identified pathogen. Other requisite
data recorded to standardized excel files included the
surname of the first author, year and region of publication,
study design, inclusion interval and inclusion criteria,
patient demographic characteristics (e.g., sex, age, and
comorbidities), the type of orthopedic devices, and the time
between index surgery and revision.

In cases of overlapping patient datasets between separate
articles, the most recent or comprehensive series was
selected for the meta-analysis.

Risk of bias of individual studies

The risk of bias of each study was assessed using the Quality
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)
tool (24), which consists of four domains (patient selection,
index test, reference standard, and flow and timing).
Applicability regarding the four domains was also rated.

Statistical analysis

Statistical analysis was performed in R 3.6.1 (http://www.
r-project.org/) by using the “metaprop” and “forest”
functions of the “meta” package (25), which generated the
proportion of the yield (true-positive) and associated 95%
confidence intervals (CI) with an inverse variance method
after logit transformation. The random-effects model of
meta-analysis was adopted for the results reported in this
paper. Heterogeneity across studies was assessed by using
the I’ statistics, with values of >50% regarded as significant.

Results
Literature search results

The literature search identified 51 records, with 22
additional citations retrieved through scrutinizing the
reference lists of related articles. After the initial screening
of titles and abstracts, the full texts of 34 articles were
downloaded and assessed for eligibility. Ultimately, nine
(19-23,26-29) articles satisfied all the inclusion criteria for
the systemic review. Bereza et a/. published two (22,29)
studies in which overlapping patients were subject to
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Records identified through Additional records identified
database searching through other sources
(n=51) (n=22)

Records after duplicates removed
(n=73)

A4

Records screened
(n=73)

Records excluded

A4

Full-text articles
assessed for eligibility
(n=34)

\ 4

(n=39)

Full-text articles excluded, with
reasons:
Reviews and meta-analyses (n=2)

\ 4

Studies included in qualitative
synthesis
(n=9)

\4

Studies included in
quantitative synthesis
(meta-analysis)
(n=8)

Figure 2 The selection process of the included studies.

separate microbiologic tests (sonication fluid culture and
sonication fluid PCR, respectively). Because this study
mainly aimed at the yield of sonication fluid culture of
explanted orthopedic devices, the former (22) was analyzed
quantitatively and the latter (29) qualitatively. The selection
process for the included studies is outlined in Figure 2.

Study population and setting

In total, 421 patients with explanted orthopedic devices
were included in this meta-analysis. Aseptic loosening was
presumed in two (20,21) studies investigating spinal fusion
instrumentations and seven (19,22,23,26-29) investigating
artificial joints. The diagnosis of occult ORI or colonization
established by sonication fluid culture was discussed in eight

\ 4

* lrrelevant studies (n=15)

* Expert opinions, comments,
letters and editorials (n=3)
Insufficient data (5)

(19-23,26-28) studies. Three (22,26,28) studies also reported
the result of intraoperative soft tissue culture and two (22,28)
described aspirated joint fluid culture. The period between
the index operation and revision surgery ranged from
20.2-30.9 months for spine surgery and 79-122.8 months
for arthroplasty. Figure 3 shows the patient exclusion criteria
of the included studies. In four (19,21,26,28) studies, aseptic
loosening was defined only on the basis of clinical evidence.
Patients with an elevated level of laboratory inflammatory
markers were excluded in three (20,23,27) studies, and two
(20,22) studies ruled out those with long-term antibiotic
administration before surgery. The characteristics of the
individual studies are presented in 7iable 1. The frequency of
sonication used ranged from 40 to 67 kHz, and the duration
of the sonication procedure ranged from 1 to 30 minutes
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Exclusion criteria of included studies
Prinz et al. 2019

Nguyen et al. 2002

Sierra et al. 2011

Bogut et al. 2014

Pumberger et al. 2019

Bereza et al. 2017

kempthorne et al. 2015

Ribera et al. 2014

—(—Clinical manifestations of infection

—(O—Elevated serum laboratory markers of infection
Preoperative imaging evidence of infection
Intraoperative evidence of infection

—O—Positive culture sample preoperatively

—O—Long term antibiotic administration before revision

Figure 3 Patient exclusion criteria of the included studies.

(Table 2). In four (20-22,28) studies, the explanted implants
were vortexed (30 seconds to 5 minutes) before or after

sonication.

Quality and applicability assessment

The QUADAS-2 results of each individual study are listed
in Figure 4. The assessment showed that most studies had
a low risk of bias regarding patient selection, index test,
reference standard, and flow and timing. Studies that were
considered to have an uncertain risk of bias with regard to
patient selection included Bogut er 4l.’s study (28), which
did not report the selection period of the included patients,
and three (21,23,28) studies that did not detail the imaging
methods used to detect the loosening of orthopedic devices.

Meta-analysis

Primary outcome
The positive rate of sonication fluid culture ranged from
5-58% (Figure 5). Significant heterogeneity (I’=88%)

© Annals of Palliative Medicine. All rights reserved.

existed across these studies, and the pooled yield for
detecting the presence of microorganisms in patients with
presumed aseptic loosening was 32% (95% CI: 20-46%)
(Figure 6A).

In two (22,28) studies involving a total of 91 patients,
the yield of aspirated fluid culture was reported. There
was no significant heterogeneity (I'=0%) found between
these studies, and the pooled yield for detecting presence of
microorganisms was 13% (95% CI: 7-21%) (Figure 6B).

In three (22,26,28) studies involving a total of 180
patients, the yield of periprosthetic soft tissue culture
was reported. Significant heterogeneity (I’=87%) existed
between these studies, and the pooled yield for detecting
the presence of microorganisms was 22% (95% CI: 8-41%)

(Figure 6C).

Subgroup analysis

Subgroup analysis was first conducted according to the type
of orthopedic devices with presumed aseptic loosening.
Two (20,21) studies involving a total of 114 patients
reported the yield of sonication fluid culture for detecting
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Table 2 Parameter and results of sonication culture in included studies

Duration of Comparison Comparison Quantification
Author Year sonication Frequency Vortexing with PTC with AFC Microbiology of SFC of bacteria
procedure
Pumberger 2019 3 min NR Yes (30 s prior No No CoNS (n=12) Yes
etal. (21) to sonication) P acnes (n=9)
S. aureus (n=2)
Others (n=6)
Prinz etal. 20) 2019 1 min 40 kHz Yes (30 s prior No No CoNS (n=15) Yes
to sonication
and 30 s after F> acnes (n=6)
sonication) Enterococcus
faecalis (n=1)
Streptococcus
parasanguinis (n=2)
Bereza 2017 5 min 40 kHz Yes (5 min/ Yes Yes CoNS (n=3) Yes
et al. (22) 2,590 rpm after R. pickettii (n=4)
sonication)
S. aureus (n=2)
E. cloacae (n=2)
Others (n=4)
Kempthorne 2015 10 min 67 kHz NR NR NR CoNS (n=6) Yes
et al. (23) S. aureus (n=2)
Ribera et al. (26) 2014 5 min 40 kHz NR Yes NR CoNS (n=45) Yes
Corynebacterium
spp (n=4)
P. aeruginosa (n=4)
Others (n=6)
Bogut et al. (28) 2014 7 min NR Yes (30 s prior  Yes Yes CoNS (n=9) Yes
to sonication
and 30 s after S- aureus (n=1)
sonication) P. acnes (n=1)
Enterobacter cloacae
(n=1)
Sierra et al. (27) 2011 5 min 40 kHz NR NR NR CoNS (n=44) Yes
Micrococcus luteus
(n=2)
Streptococcus spp.
(n=2)
Nguyen 2002 30 min 60 kHz NR NR NR CoNS (n=1) Yes
etal. (19)

#, polymicrobial growth is included. NR, not reported; PTC, periprosthetic tissue culture; AFC, aspirated fluid culture; SFC, sonication fluid
culture; CoNS, coagulase-negative staphylococcus.
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Figure 4 Methodological quality summary of the included studies. Red indicates a high risk of bias, yellow an unclear risk of bias and green

a low risk of bias.
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Figure 5 Percentage of cases with positive sonication culture in the included studies.
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A
Weight  Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Prinz et al. 2019 22 54 —*—— 0.41 [0.28;0.55] 12.8% 12.7%
Pumberger et al. 2019 26 60 ———— 0.43 [0.31;0.57] 14.3% 12.9%
Bereza et al. 2017 1 37 —_— 0.30 [0.16;0.47] 8.8% 12.1%
Kempthorne et al. 2015 8 54 — 0.15 [0.07;0.27] 12.8% 12.7%
Ribera et al. 2014 47 89 L 0.53 [0.42;0.63] 21.1% 13.4%
Bogut et al. 2014 11 54 —'— 0.20 [0.11;0.34] 12.8% 12.7%
Sierra et al.2011 30 52 L 0.58 [0.43;0.71] 12.4% 12.7%
Nguyen et al.2002 1 21— 0.05 [0.00; 0.24] 5.0% 10.8%
Fixed effect model 421 <> 0.36 [0.31; 0.41] 100.0% -
Random effects model _—— 0.32 [0.20; 0.46] -—  100.0%
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Figure 6 Forest plots of the overall yield of sonication fluid culture (A), aspirated fluid culture (B) and periprosthetic soft tissue culture (C),

with corresponding 95% confidence intervals.

microorganisms from spinal fusion instrumentations. No
significant heterogeneity (I’=0%) was found between these
studies, and the pooled yield was 42% (95% CI: 33-51%)
(Figure 7A4). A further 6 (19,22,23,26-28) studies involving
a total of 307 patients reported the yield of sonication fluid
culture in artificial joints. Significant heterogeneity (I’=91%)
was observed across these studies, and the pooled yield for
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detecting the presence of microorganisms was 29% (95%
CI. 13-47%) (Figure 7B).

A subgroup analysis was then conducted according to
the duration of sonication and vortexing. In 4 (20,21,26,27)
studies, the total duration of sonication and vortexing
was <5 minutes, and the pooled yield was 49% (95% CI:
41-56%) (Figure 84). No significant heterogeneity (I’=31%)
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Figure 7 Forest plots of the overall yield of sonication fluid culture for spinal instruments (A) and artificial joints (B) with corresponding

95% confidence intervals.

was observed across these studies. For studies (22,23,28)
with a total sonication and vortexing duration of >5 minutes
and <10 minutes, the pooled yield was 21% (95% CI: 13—
29%; 1’=31%) (Figure §B). Nguyen et al. sonicated explanted
endoprostheses for 30 minutes, with which the yield of
sonication fluid culture was only 5% (19). This indicated
that the significant heterogeneity across the included studies
was mainly attributable to differences in the duration of
sonication and vortexing. Furthermore, with the extension
of the duration of sonication and vortexing, the positive rate
of sonication fluid culture gradually decreased.

Secondary outcome

All studies reported the proportion of coagulase-
negative staphylococcus (CoNS) colonization in positive
cases of sonication fluid culture, and the pooled proportion
was 74% (95% CI: 51-92%). Significant heterogeneity was
found between the studies (’'=89%) (Figure 9).

© Annals of Palliative Medicine. All rights reserved.

Qualitative analysis

Spectrum of causal pathogens

Several studies indicated that multiple isolates could be
found in the same patient, with CoNS being the bacteria
commonly identified in cultures from artificial joints and
spinal fusion instrumentations (20-23). In a study involving
44 patients, Sierra et al. reported that CoNS was isolated
in all positive cases of sonication fluid culture (27). In two
(20,21) studies concerning spinal fusion instrumentations,
Cutibacterium acnes (C. acnes) was also found; however, this
pathogen was not reported as being present in six studies
(19,22,23,26-28) which evaluated sonication fluid culture
yields in artificial joints.

PCR of sonicated fluid of explanted orthopedic devices
Bereza er al. (29) used PCR amplification of 16S
ribosomal RNA, the component of a 30S small subunit
of a prokaryotic ribosome, to examine sonication fluid
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Weight  Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Prinz et al. 2019 22 54 0.41 [0.28; 0.55] 21.2% 22.5%
Pumberger et al. 2019 26 60 0.43 [0.31; 0.57] 23.5% 24.2%
Ribera et al. 2014 47 89 — 0.53 [0.42;0.63] 34.9% 31.4%
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Figure 8 Forest plots of the overall yields of studies with a total duration of sonication and vortexing not exceeding 5 minutes (A), and those

with a duration longer than 5 minutes but not exceeding 10 minutes (B), with corresponding 95% confidence intervals.
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Figure 9 Forest plots of the pooled proportion of coagulase-negative staphylococcus (CoNS) colonization in positive case of sonication fluid

culture with corresponding 95% confidence intervals.
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Table 3 Outcome of revision surgery

Zhang et al. Sonication fluid culture and aseptic loosening

Outcome of Bereza et al. (22) Kempthorne et al. (23) Nguyen et al. (19)
- . Subtypes
sonication fluid p N P N p N
1-stage (n) Success 5 16 8 45 1 20
Failure 1 3 0 0 0 0
2-stage (n) Success 3 5 NA NA NA NA
Failure 2 2 NA NA NA NA

P, positive; N, negative; NA, not applicable.

when microorganisms growth was not observed in either
intraoperative periprosthetic soft tissue culture or in
sonication fluid culture in patients with presumed aseptic
loosening of artificial joints. Surprisingly, 9 out of 10 (90%)
patients showed positive microbiological results.

Interrelation between sonication result and outcome of
revision surgery

The short- or long-term outcomes of revision surgery were
reported in three (19,22,23) studies (7able 3). Kempthorne
et al. (23) applied one-stage revisions to 8 cases with positive
microbiological outcomes of sonication fluid culture and
45 cases with negative outcomes. All patients eventually
recovered without recurrent infection or repeated loosening
of the implants. Similar results of one-stage revision were
obtained by Nguyen ez /. (19) and Bereza er al. (22).
Bereza er al. (22) also evaluated patients with two-stage
revision. Eventually, failures, characterized by prolonged
antibiotic therapy or incision healing across an average of
2 years of follow-up, was found to be more frequent in the
positive sonication fluid culture group (2/5, 40%) than in
the negative sonication fluid culture groups (2/7, 28.57%);
however, the difference was not statistically significant

(c2=0.1714, P=0.68).

Discussion

Unrecognized or subclinical infection has been implicated
in contributing to aseptic loosening of orthopedic devices.
In the current study, the pooled results suggest that
bacterial colonization is extremely common in patients with
suspected aseptic loosening of orthopedic devices and might
play a greater role in the onset of this clinical complication
than had been previously thought. Sonication fluid culture,
which has already been widely used in the diagnosis of
PJI, produced a positive yield rate in 32% of patients with

© Annals of Palliative Medicine. All rights reserved.

presumed aseptic loosening of orthopedic devices, which
is superior to that of periprosthetic soft tissue culture and
aspirated joint fluid culture.

Contamination during the initial surgery, hematogenous
dissemination and contiguous spread have been described
as common pathways by which bacteria reach the surface
of implants and consequently form biofilm (30,31). Due
to the paucity of blood vessels, immune cells function
inefficiently on orthopedic devices and other foreign
bodies (32). Zimmerli er 4l. (33) demonstrated that the
bactericidal and phagocytic capacity of neutrophile
granulocytes was significantly compromised by the presence
of foreign bodies, which was very highly to favor bacterial
colonization. In addition to host factors, the virulence of
colonizing pathogens also influences the development of
implant-associated infections. Unlike acute infections,
which are mostly induced by Staphylococcus aureus (34), the
bacteria identified by sonication fluid culture in the current
study were mainly low-virulent microorganisms, such as
CoNS and C. acnes. These bacteria are capable of colonizing
in vivo for a long time without inducing overt clinical
manifestations. CoNS was found to be the most common
causative agents of PJIs (30-43%), and there was no clear
distinction between bacterial colonization and subclinical
ORI (28). Inflammatory laboratory parameters, such as
white blood cell count, erythrocyte sedimentation rate, and
C-reactive protein, might not be significantly increased in
cases with presumed aseptic loosening of orthopedic devices;
however, this does not rule out the possibility of bacterial
colonization in biofilm as previously stated (27). Moreover,
although bacterial colonization does not necessarily lead to
implant-associated infection, it may induce local subclinical
chronic inflammatory processes and osteolysis, which may
result in chronic loosening of the orthopedic device (35).

Subgroup analysis revealed that the significant
heterogeneity seen across the included studies mainly
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resulted from differences in the duration of sonication
and vortexing. A total duration of more than 5 minutes
will significantly decrease the yield of sonication fluid
culture. This may be related to the reduced viability or even
destruction of detached bacteria. The use of an ultrasound
bath for 1-5 minutes at 40 kHz may yield the optimal
diagnostic performance for bacterial colonization (49%,
95% CI: 41-56%). Different microorganisms and infection
risks were also observed to be associated with different types
of orthopedic devices and procedures. There was a higher
proportion of subclinical infection or bacterial colonization
in spinal fusion instrumentations with presumed aseptic
loosening than that found in artificial joints. This might be
due to the increased risk of intraoperative contamination
resulting from the relatively longer duration of spinal
surgery, and the deeper location of spinal instrumentations,
which makes it harder for the symptoms of infection to
manifest, in comparison with arthroplasty. Another reason
for this may pertain to the duration between initial and
revision surgery in spinal and arthroplasty patients. Spinal
surgery components, such as pedicle screws, usually lose
function slowly, bringing a gradual onset of symptoms,
whereas only a small loosening of arthroplasty components
will cause manifest clinical symptoms (22). Therefore,
the time in between initial and revision surgeries in spinal
implant patients is generally longer, allowing for greater
bacterial colonization (22). Finally, certain differences
existed regarding the constitution of identified pathogens
colonizing on artificial joints and spinal instruments, albeit
all being represented by low-virulent microorganisms. C.
acnes, which are commonly detected in presumed aseptic
loosening of spinal fusion instruments other than artificial
joints, was a common cause of late-presenting infection
after spinal surgery (21).

The use of sonication fluid culture to specifically
investigate presumed aseptic loosening of osteo-synthetic
materials such as steel plates, screws, and K-wires, has
not been widely reported. However, positive bacterial
yields using sonication fluid culture have been observed
in osteo-synthetic materials with no clinical evidence
of infection. In 2019, Fuchs et al. (36) reported on the
removal of 203 osteo-synthetic implants around the knee
and hip for related soft tissue irritations or before elective
total joint arthroplasty. Sonication fluid cultures revealed
positive yields in 27% of implants (54/203), with the most
frequently identified microorganism being CoNS (46%).
Another study conducted by Knabl et 4/. (37) demonstrated
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a similar bacterial colonization rate (56.1%) of osteo-
synthetic implants in patients for whom PCR amplification
of sonication fluid showed no clinical or laboratory signs
of infection. These results confirm that the presence of
bacteria in cases with no clinical signs of infection is a
relevant issue for who undergo receiving implantation of
orthopedic devices.

In this study, the pooled data revealed that other
methods used for detecting bacterial colonization or
subclinical infection, such as peri-implant fibrotic tissue
culture and aspirated fluid culture, were less effective in
leading to the identification of microorganisms (22%
and 13%, respectively) in comparison with sonication
fluid culture. Leitner et /. (4) included 110 patients who
underwent revision surgery following open spinal fusion
with metal explantation to the thoracic and lumbar spine.
They found that the detection power of wound swabs
taken from a loosened screw hole (43.6%) was inferior
to that of sonication fluid culture (71.9%). The higher
positive rate of sonication fluid culture may be related to
the fact that this method allows bacteria from the whole
implant surface to be examined, while wound swab, tissue
culture, and aspirated fluid culture can only examine a
limited area of the implants. The extremely high positive
rate and detection efficiency of PCR of sonicated fluid
reported in some studies may render a suspicion of
contamination (22,29). Moreover, the presence of bacterial
16S ribosomal RNA material on PCR merely indicates
the presence of bacterial genetic material, rather than the
existence of active or indolent bacterial infection. Technical
sophistication and the relative substantial costs of sonication
PCR of orthopedic devices may also limit its wider
applicability (29,37).

Distinguishing aseptic loosening from PJI is important,
as the treatment of the two groups is significantly different.
Revision surgery for the presumed aseptic loosening of
orthopedic devices with positive and negative microbiologic
results of sonication fluid culture demonstrated similarly
satisfactory short- and long-term prognoses based on
limited evidence (19,22,23). After implant removal, the
potential source of infection cannot be identified; thus, soft
tissue recovery may occur in those patients with evidence
of implant colonization. Some authors have proposed the
application of antibiotics coinciding with the antibiogram
for 4 to 6 weeks (4); however, this is still under debate.

There are multiple limitations of this study that merit
consideration. Firstly, the definition of presumed aseptic

Ann Palliat Med 2021;10(2):1792-1808 | http://dx.doi.org/10.21037/apm-20-1228



1806

loosening across the included studies was somewhat
subjective, which means that different inclusion and
exclusion criteria may have been adopted. This may partially
explain the significant heterogeneity in the quantitative
analysis. Secondly, it must be stated that bacterial implant
colonization may not lead to the loosening of orthopedic
devices or associated infection. The question remains
whether loosening is caused by the presence of organisms
or whether infection is facilitated by the environment of
loosening. Thirdly, the number of included studies is small
and underpowered, which could hinder generalizability of
the conclusion. Finally, the reported potential of sonication
procedure-based contamination could bring bias.

Conclusions

Colonization by low-virulent microorganisms may exist in
many patients with clinically presumed aseptic loosening
of orthopedic devices. A sonication bath of explanted
orthopedic devices for 1-5 minutes at 4 kHz could act as
a powerful diagnostic tool to detect bacterial colonization.
However, organism colonization detected by sonication
fluid culture may not influence the outcome of one-stage
revision surgery for presumed aseptic loosening. More
research is required to determine whether sonication fluid
culture should be incorporated into the routine treatment
strategy for orthopedic device loosening.
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