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Abstract
Background Prosthetic joint infection (PJI) is among the
most-severe complications of a total joint arthroplasty.
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Identification of the causal organism is of paramount im-
portance for successful treatment, and sonication of
implants may aid in this identification. Dithiothreitol
(DTT) treatment has been proposed as an alternative to
sonication to improve diagnosis, reduce costs, and improve
reliability of the procedure, but its efficacy remains poorly
characterized.

Questions/purposes (1) Are DTT and sonication more
sensitive and/or more specific than standard cultures of
tissue samples for the diagnosis of PJI? (2) Which test
(DTT or sonication) is more sensitive when the clinician
does not suspect infection before surgery? (3) Which test
(DTT or sonication) is more sensitive when the clinician
suspects infection before surgery?

Methods Two hundred thirty-two patients undergoing
revision of a knee or hip arthroplasty were prospectively
evaluated in this randomized study. Cultures were per-
formed on five tissue samples from each patient and on
fluid obtained by prosthesis treatment in patients randomly
assigned to sonication (117 patients) or DTT (115 patients).
The reference standard against which cultures (on tissue
samples and on fluids from sonication or DTT) were
compared was the Musculoskeletal Infection Society def-
inition of PJI.

Results Cultures on sonication and DTT fluids provided
higher sensitivity (89% and 91%, respectively) than
those on standard cultures of tissue samples (79%; p <
0.001). Among patients in whom infection was not
suspected before surgery, the sensitivity of DTT was
greater than that for sonication and cultures on tissue
samples (100% versus 70% and 50%; p <0.001). Among
patients in whom infection was suspected before sur-
gery, the sensitivity of DTT and sonication were not
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greater than that for standard cultures (89% and 94%
versus 86%).

Conclusions In this randomized study, we found no dif-
ference in sensitivity between DTT and sonication for the
detection of PJI, and both of those tests were more sensitive
than standard tissue cultures. Thus, cultures of sonication
or DTT fluid should be considered important additional
tools to standard cultures for definition of PJI and should be
considered together with other criteria, especially in set-
tings where infection is not suspected before revision
surgery.

Level of Evidence Level 1, diagnostic study.

Introduction

The prevalence of prosthetic joint infection (PJI) in knee
and hip arthroplasties is increasing as the number of joint
arthroplasties grows, leading to severe consequences for
patients owing to long hospital stays, expensive treatments,
and multiple operations [9, 11]. The diagnosis of PJI is
challenging [3, 12], and although many different clinical
parameters can suggest the presence of an infection, only
identification of the infecting microorganism provides the
diagnosis with the highest level of certainty. Microbiologic
findings are included as a major criterion in the Musculo-
skeletal Infection Society (MSIS) and the Infectious Dis-
eases Society of America diagnostic criteria for PJI [12,
13]. Isolation of pathogens by culture of tissue samples
remains the gold standard [1, 19], although such samples
may produce false-negative results in up to 30% of patients
[14, 15]. To improve the diagnosis of PJI, several techni-
ques for detection of biofilm-related infections have been
developed. Culture of samples obtained by sonication of
the removed prosthesis has been shown to be more sensi-
tive than conventional tissue cultures, especially in patients
treated with antibiotics before surgery [15, 16, 19]. How-
ever, some limitations of this method have been high-
lighted, such as the necessity for dedicated laboratory tools
and the intrinsic risk of contamination owing to possible
damage or inappropriate sealing of sample containers, the
size of explanted prostheses, and bacteria proliferation in
the water of the sonication bath [18].

To overcome the limitations of sonication, a novel
treatment of the implant with dithiothreitol (DTT) solution
has been proposed. Drago et al. [4, 5] showed the ability of
DTT to detach bacteria from biofilm on orthopaedic devi-
ces with comparable or even higher yields than sonication
and periprosthetic tissue culture. However, those findings
are yet to be confirmed in a larger cohort of patients and in
the specific setting of only prosthetic devices.

In this prospective randomized study, we compared the
performance of sonication and DTT with standard cultures
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(without sonication or DTT), and we compared sonication
and DTT treatment with one another, using the MSIS cri-
teria as the reference standard for the diagnosis of PJI. We
asked: (1) Are these tests (DTT and sonication) more
sensitive and more specific to standard cultures of tissue
samples for the diagnosis of PJI? (2) Which test (DTT or
sonication) is more sensitive when the clinician does not
suspect infection before surgery? (3) Which test (DTT or
sonication) is more sensitive when the clinician suspects
infection before surgery?

Patients and Methods

This prospective randomized study compares the perfor-
mance of DTT and sonication with that of standard cultures
performed on tissue samples for the diagnosis of PJI, and it
also compares sonication and DTT treatment with one
another.

The trial was approved by the Istituto Ortopedico Riz-
zoli ethics committee. Informed consent for study partici-
pation was obtained from all patients enrolled. Based on
results previously reported by Drago et al. [4], calculation
of the population sample power was made based on the
hypothesis that DTT had 14 points higher sensitivity than
sonication and cultures performed on tissue samples. If the
o value was 0.05 and the statistical power was set to 80%,
the sample size for each sample was 105 per group.

A total of 232 adult (older than 18 years) patients un-
dergoing removal and revision of a total knee or hip
prosthesis for aseptic indications or suspected infection at
the Istituto Ortopedico Rizzoli, Bologna, Italy, were en-
rolled between April 2014 and July 2016. Exclusion cri-
teria were mechanical failure of the prosthesis or
periprosthetic fracture. Patients also were excluded if they
had an acute PJI, if the prosthesis did not fit in the container
provided for it, if they received antibiotic therapy during
the previous 2 weeks, or if only one tissue sample was
cultured (Fig. 1). One hundred seven patients met the cri-
teria for suspected infection; 125 patients were considered
as not having PJI preoperatively (Table 1).

Preoperatively, all information regarding the type of
prosthesis, clinical presentation, and laboratory tests
(erythrocyte sedimentation rate [ESR], C-reactive protein
[CRP], white blood cell count and differential, and fibrin-
ogen) were recorded for each patient. If the patient had
a fistula communicating with the implant, patients were
considered to have an infection. In the absence of a fistula
but the presence of elevated ESR (> 30 mm/hour) and CRP
(> 1 mg/dL), joint aspiration was performed and patients
were considered to have a suspected infection if leukocytes
were greater than 3000/mL with more than 80% neu-
trophils (Fig. 1). Patients not meeting those criteria were
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Fig. 1 The flowchart shows enrollment and microbiologic results for the patients. According to clinical and laboratory
presentation, 232 patients were considered to have an infection (septic group, n = 107) or not have an infection (aseptic
group, n = 125). All patients were randomly assigned by a sealed envelope technique to the sonication group (117 patients)
or to the DTT group (115 patients). According to MSIS criteria, 146 patients (109 in the aseptic group and 37 in the septic
group) were confirmed as not having an infection (red arrow and box). Eighty-six patients (16 in the aseptic group and 70 in
the septic group) had PJIs confirmed based on MSIS criteria (blue arrow and box). MSIS = Musculoskeletal Infection Society;
DTT = dithiothreitol; PJI = prosthetic joint infection; MRSA = methicillin-resistant Staphylococcus aureus; MSSA = methicillin-
susceptible S aureus; MSSE = methicillin-susceptible Staphylococcus aureus; MR = methicillin-resistant; CONS = coagulase-
negative staphylococci; MS = methicillin-sensitive; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
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Table 1. Demographic characteristics in the suspected aseptic and septic groups at baseline

Patient characteristic Aseptic group (n = 125) Septic group (n = 107) p value*
Sex 70 females; 55 males 49 females; 58 males 0.168
Mean age (years; range) 65 (17-93) 66 (13-88) 0.845
Mean ESR (mm/hour; range) 25 (2-68) 68 (31-120) 0.007
Mean CRP (mg/dL; range) 1.1 (0.1-14) 5.4 (1.0-34) 0.002
Prostheses 87 hip; 38 knee 56 hip; 51 knee 0.085

*Chi-square test.

ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.

counted among the patients believed not to have an in-
fection before surgery.

At the time of admission, patients were randomly
assigned by a sealed envelope technique using a random
permuted blocks protocol by one of the authors (MC), who
was not involved directly in laboratory procedures, to the
sonication group (117 patients) or to the DTT group (115
patients) (Table 1). The two groups were balanced con-
sidering preoperative suspicion (aseptic or septic)
(Table 2).

During the surgery, five separate biopsy specimens were
collected from different areas of periprosthetic tissues, as
specified in the study protocol. All the prosthetic compo-
nents were removed in the operating room under sterile
conditions and transported to the microbiology laboratory
for sonication or elution with DTT solution. In most of the
patients, the whole prosthesis was removed; the femoral
stem and the acetabulum in THAs and the femoral and
tibial components in TKAs were sent for treatment sepa-
rately. Both components removed from the same patients
received identical treatment. The prosthetic components
removed were placed in a sterile, wide-mouthed, airtight,
polypropylene container and transported immediately to
the microbiology laboratory. All the samples were col-
lected intraoperatively before any empiric antibiotic ther-
apy was started.

Homogenization of tissue samples was performed in the
original container, vortexing the specimen in 3 mL tryptic
soy broth [14].

Each tissue specimen homogenate was inoculated in
sheep blood agar, thioglycollate broth medium, and tryptic
soy broth. All the media were incubated at 36° = 1° C for 7
days and examined daily for evidence of growth. For iso-
lation of individual colonies, aliquots from enrichment
broth tubes were spread using a sterile loop on Columbia
CNA blood agar, mannitol salt agar, MacConkey agar,
and chocolate agar and incubated at 36° = 1° C under
aerobic conditions for 24 hours. They also were sub-
cultured on chocolate agar under anaerobic conditions
for 72 hours at 36° = 1° C. All the media were from
Biolife Italiana (Milan, Italy). Negative thioglycollate
broth medium and tryptic soy broth incubates were rein-
cubated up to 14 days at 36° = 1° C and examined daily
for evidence of growth. Identification and antimicrobial
susceptibility testing were performed with a MicroScan®
WalkAway® system (Beckman Coulter, Sacramento,
CA, USA).

Sonication was performed according to the technique of
Trampuz et al. [19]. Briefly, the container was filled with
sterile saline until the device was submersed, carefully
sealed, vortexed, and sonicated in an ultrasound bath
(VWR International Srl, Milan, Italy) for 5 minutes with
a frequency of 40 kHz at room temperature.

DTT treatment was performed as previously described
by Drago et al. [4]. Prostheses were immersed in a solution
of 0.1% w/v DTT (Sigma-Aldrich S.R.L., Milan, Italy) in
sterile saline and mechanically stirred for 15 minutes at
room temperature.

Table 2. Demographic characteristics in the DTT and sonication groups at baseline

Patient characteristic DTT group (n = 115) Sonication group (n = 117) p Value*
Sex 49 females; 65 males 70 females; 48 males 0.022
Mean age (years; range) 68 (18-93) 69 (18-88) 0.747
Mean ESR (mm/hour; range) 34 (3-120) 39 (2-120) 0.826
Mean CRP (mg/dL; range) 3.4 (0.1-34) 1.2 (0.1-26) 0.272
Prostheses 70 hip; 45 knee 73 hip; 44 knee 0.926

*Chi-square test.

DTT = dithiothreitol; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
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At the end of each treatment (either sonication or DTT),
the obtained fluids were collected in sterile tubes and
centrifuged at 3000 rpm for 10 minutes at room tempera-
ture. The pellet was suspended in a volume of 2 mL of the
same solution. A total of 100 L of each sample was plated
on chocolate agar, sheep blood agar, and inoculated in
tryptic soy broth and thioglycollate broth medium. Sheep
blood agar was incubated aerobically, whereas chocolate
agar plates were incubated in 5% CO, atmosphere at 36° *
1° C for 7 days. Broths were incubated for 7 and 14 days at
36° £ 1° C and, if negative, the incubation was extended to
14 days and examined daily for evidence of growth; ter-
minal subcultures were performed. Subcultures and iden-
tification were performed as previously described for the
cultures performed on biopsy specimen. Sonicated or DTT-
treated device fluids were considered positive if at least five
colonies grew on agar plates after 24 hours and up to 7 days
or if growth was observed during broth enrichment.

The gold standard for the presence or absence of in-
fection in this study was the MSIS criteria [13], which was
evaluated at the time of data analysis. In this study, the
intention-to-treat and per-protocol analyses were identical,
since all the patients received the treatment to which they
had been assigned.

In the definition of PJI according to MSIS criteria,
cultures performed on sonication and DTT fluids were
considered together with cultures performed on tissue
samples, because we considered these as additional tools to
reach the diagnosis of PJI. Cultures (from tissue samples
and fluids from sonication or DTT) were positive when at
least one showed the growth of a strict pathogen (Staphy-
lococcus aureus, Pseudomonas aeruginosa, and Enter-
obacteriaceae) or when two yielded a skin commensal
organism (coagulase-negative Staphylococci or Propioni-
bacterium acnes) [12, 17]. When only one of two samples
from sonication or DTT was positive, sonication (or DTT)
was considered positive if there was growth of a strict
pathogen. The performance of cultures on tissue samples
and on DTT and sonication fluids was compared, using the
definition of infection according to the PJI criteria of the

Table 3. Performance of the diagnostic techniques

MSIS [13]. In addition, an indirect comparison between
DTT and sonication was made, because a direct compari-
son is not possible since each prosthetic component can
undergo only a single treatment.

After analysis of clinical, bacteriologic, and histologic
criteria, 86 of 232 patients met the MSIS definition for PJI
[13]. PJT was identified in 16 subjects who were included in
the aseptic group in the preoperative stage; conversely, 37
patients who were provisionally included in the septic
group had a totally negative set of results so PJI was ex-
cluded (Fig. 1).

Statistical Analysis

The baseline characteristics of the PJI group and the aseptic
failure group were compared using the chi-square test.
Differences between the results obtained by culture-based
techniques were assessed by the t test. Probability values
less than 0.05 were considered significant. All analyses
were completed using the Statistical Package for Social
Science (SPSS Statistics for Windows, Version 22.0; IBM
Corporation, Armonk, NY, USA).

Results

Sensitivity of DTT and sonication both were greater than
that observed from tissue culture (91% [95% CI, 78%-
97%)] and 89% [95% CI, 75%—96%] versus 79% [95% CI,
69%—87%], p < 0.001). The specificity of DTT and soni-
cation was not greater than that from tissue culture (99%
[95% CI, 93%-100%] and 95% [95% CI, 87%-99%] ver-
sus 100% [95% CI, 98%—100%]). Positive predictive value
of DTT and sonication did not differ from that observed
from tissue culture (97% [95% CI, 87%-100%] and 91%
[95% CI, 78%—97%] versus 99% [95% CI, 9%—100%]).
Negative predictive value of DTT and sonication showed
no difference to that observed from tissue culture (95%

Culture type

Sensitivity (95% Cl)

Specificity (95% ClI)

Tissue biopsies (232 patients)
DTT group (115 patients)
Tissue biopsies
DTT fluid
Sonication group (117 patients)
Tissue biopsies
Sonication fluid

79% (69-87) (68/86)

83% (35/42)
91% (78-97) (38/42)

75% (33/44)
89% (75-96) (39/44)

100% (98-100) (146/146)

100% (73/73)
99% (93-100) (72/73)

100% (73/73)
95% (87-99) (69/73)

Sensitivity and specificity were calculated according to the Musculoskeletal Infection Society definition of prosthetic joint infection.

DTT = dithiothreitol.
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[95% CI, 87%-99%] and 93% [95% CI, 85%—98%] versus
89% [95% CI, 83%—-93%]) (Table 3). Forty-two patients in
the DTT group (Table 4) and 44 in the sonication group
(Table 5) had MSIS-confirmed PJIs. All the micro-
organisms with the exception of one P acnes, which was
isolated after 14 days of incubation from all tissue cultures
but not from the prosthetic eluate (DTT), were isolated
within 7 days of incubation as per standard procedures.

Among patients in whom infection was not suspected
before surgery, the sensitivity of DTT was greater than that
for sonication and cultures on tissue samples (100% versus
70% and 50%; p <0.001) (Table 6). The specificity of DTT
and sonication were not greater than that from tissue culture
(98% and 96% versus 100%. Positive predictive value of
DTT and sonication did not differ from that observed from
tissue culture (87.5% and 77.8% versus 100%) and nega-
tive predictive value of DTT and sonication were not
greater than that observed from tissue culture (98% and
96% versus 93%).

Among patients in whom infection was suspected
before surgery, the sensitivity and specificity of DTT and
sonication were not greater than those for standard cul-
tures (89% and 94% versus 86%; 100% and 91% versus
100%) (Table 6). The specificity of DTT and sonication
were not greater than that from tissue culture, and the
positive predictive value of DTT and sonication did not
differ from that observed from tissue culture (100% and
94% versus 100%). Negative predictive value of DTT

and sonication were not greater than that observed from
tissue culture (79% and 91% versus 79%). Of the
patients in this group, 103 had the whole prosthesis re-
moved (58 stems and cups, 45 femur and tibia compo-
nents). Both components removed from the same
patients received identical treatment. In the majority of
these patients, there was concordance between results
obtained by culturing the two prosthetic components.
Forty of the 49 patients with confirmed PJIs (41 in the
septic group, eight in the aseptic group) showed growth
of the same bacteria on both eluate fluids; nevertheless,
in nine patients, only one eluate showed growth of
bacteria. Interestingly, in all these patients, the culture
test was positive only in tissue samples from the same
joint site (eg, cup, stem, femur, tibia).

Discussion

The diagnosis of PJI remains a laboratory challenge be-
cause a clinically assessed and analytically valid technique
that can serve as a reference standard for this diagnosis is
not available [6, 11]. Periprosthetic tissue culture has been
considered the reference standard for identification of
pathogens involved in PJI, although such cultures lack
sufficient sensitivity (described as ranging from 70% to
90%) and specificity (ranging from 67% to 91%) [1, 2, 10].

Table 4. Microbiologic culture results for patients meeting the MSIS definition of having a PJI

Culture

type

Tissue biopsies
Pathogen
isolated MRSA

MSSA MR CoNS MS CoNS spp.

Enterococcus Propioni-
bacterium acnes Other No pathogen

DTT fluid MRSA 1
MSSA 9
MR CoNS 8
MS CoNS
Enterococcus spp.
P acnes
Other
No pathogen

- NN =

4t
1 1*

In 32 patients the same bacteria was identified on sonication fluid and tissue biopsies. In 6 patients (right column) the pathogen was
isolated only on DTT fluid, whereas in 3 patients (bottom row) the pathogen was identified only by cultures on tissue biopsies. In 1
patient no bacteria was isolated but PJI was confirmed as owing to the presence of a fistula.

DTT = dithiothreitol.

MSIS = Musculoskeletal Infection Society.

PJI = prosthetic joint infection.

*PJI confirmed as a result of the presence of a fistula.

tone Escherchia coli, one Streptococcus agalactiae, two Streptococcus mitis.
MRSA = methicillin-resistant Staphylococcus aureus; MSSA = methicillin-susceptible S aureus; MR = methicillin-resistant; CoNS =

coagulase-negative Staphylococci; MS = methicillin-sensitive.
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Table 5. Microbiologic culture results for patients meeting the MSIS definition of PJI

type
Tissue
biopsy

Pathogen MR MS
MSSA CoNS CoNS

Culture isolated MRSA

Enterococcus Propionibacterium No
spp acnes Other pathogen

Sonication MRSA 4
fluid MSSA 5
MR CoNS 6

MS CoNS 8

Enterococcus
P acnes
Other

No 1 1

pathogen

ST
1* 2%

In 30 patients the same bacteria was identified on sonication fluid and tissue biopsies. In 9 patients (right column) the pathogen was
isolated only on sonication fluid, whereas in 3 patients (bottom row) the pathogen was identified only by cultures on tissue biopsies.
In 2 patients no bacteria was isolated but PJI was confirmed owing to the presence of a fistula.

*PJI confirmed as a result of the presence of a fistula.

12 Streptococcus agalactiae, 1 Serratia marcescens, 2 Pseudomonas aeruginosa.

$1 Salmonella spp.

MSIS = Musculoskeletal Infection Society; PJI = prosthetic joint infection; MRSA = methicillin-resistant Staphylococcus aureus;
MSSA = methicillin-susceptible S aureus; MR = methicillin-resistant; CoNS = coagulase-negative Staphylococci; MS = methicillin-

sensitive.

Treating the prosthesis with DTT to affect the biofilm may
be superior to sonication, but, to the best of our knowledge,
it has yet to be investigated on a large cohort of patients [5].
Moreover, direct comparison between sonication and DTT
is impossible because each prosthetic component can un-
dergo only a single treatment. Separate treatment of dif-
ferent components with different techniques (such as
treating an acetabular component with sonication and the
same patient’s stem with DTT) in the same patient assumes
that any infection is localized in both components with the
same bacteria, and therefore important information might

Table 6. Performance of the diagnostic techniques in the
suspected groups

Aseptic group
(n = 125 patients)

Septic group

Technique (n = 107 patients)

Tissue samples

Sensitivity 50% (8/16) 86% (59/69)

Specificity 100% (109/109) 100% (38/38)
DTT group

Sensitivity 100% (7/7) 89% (31/35)

Specificity 98% (56/57) 100% (15/15)
Sonication group

Sensitivity 70% (7/10) 94% (32/34)

Specificity 96% (49/51) 91% (20/22)

DTT = dithiothreitol.

be missed. To the best of our knowledge, this is the first
series in which DTT and sonication treatment were com-
pared in a large cohort of patients undergoing prosthesis
revision in a clinical setting.

The limitations of this study must be addressed. First,
cultures from sonication or DTT treatment were included in
the MSIS criteria for infection, which in this study was used
as the gold standard for the presence or absence of in-
fection. Nevertheless, in our opinion, sonication and DTT
have to be considered additional tools in the diagnosis of
PJI, so they should be included when analyzing MSIS
criteria to reach a PJI diagnosis. Furthermore, the lack of
followup and longer-term clinical data did not allow us to
confirm whether any patient in whom PJI was excluded
according to MSIS criteria later had a clinical infection
develop. However, we do not think that long-term fol-
lowup would be helpful in confirming patients with true
asepis since a late infection could have been absent at the
time of this analysis, but developed later.

The main finding of our study is that sonication
(Table 5) and DTT treatment (Table 4) improved microbial
detection compared with cultures performed on tissue
samples, which was particularly evident in coagulase-
negative Staphylococcus. Our results show that cultures
from DTT-treated devices were not different from those for
sonication fluids, with the numbers available. Furthermore,
we report sensitivity data for sonication and DTT which are
comparable to data from previous studies [4, 14, 19]. We
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also report higher sensitivity of cultures performed on tis-
sue samples than reported by others [1, 2, 10]. This dis-
crepancy could be because in our study, all samples were
collected before antibiotic therapy, which is widely known
to reduce sensitivity of culture procedures [7]. The evalu-
ation of multiple fluid specimens (either by sonication or
DTT treatment of different components of the same pros-
thesis) also increases sensitivity and specificity, as pre-
viously reported [8]. This might explain why we found
higher specificity for culture tests than previous studies [4,
5] in which cultures were performed on a single specimen.

In 16 patients, we found a discrepancy between pre-
operative suspicion of aseptic loosening of the prosthesis
and the definitive diagnosis after surgery considering the
MSIS criteria. Specifically, in our study, treatment with
DTT seemed to be more effective than sonication in the
aseptic group. In this respect, pretreatment by DTT of the
prosthetic component is recommended particularly in
patients with delayed orthopaedic implant failure with no
clear clinical signs of infection [16]. However, the small
sample number when analyzing different subgroups does
not allow us to draw any definitive conclusions regarding
this point.

Analysis of the subgroup of patients with suspected
infection preoperatively did not reveal any differences in
sensitivity between sonication and DTT. Again, however,
the sample size is not large enough to draw any definitive
conclusion. In nine patients with confirmed PJIs, only one
of the two fluids obtained by treating the two prosthetic
components individually was positive by culture assay. In
addition, in these patients cultures performed on tissue
samples were positive only on tissue specimens derived
from the same side of the prosthetic joint, perhaps sug-
gesting that not all PJIs affect both implant components in
the same joint. Nevertheless, because of the small number
of patients in this subanalysis, this finding needs to be
further investigated for confirmation. This fact clearly
underlines that it is mandatory to perform identical mi-
crobe biofilm removal techniques on all the prosthetic
components in such cases to obtain the most relevant
microbial data. The results of previous studies in which
the different components of the same prosthesis were
treated for removal of the microbial biofilm by using
different methods perhaps should be reconsidered in light
of this information [4, 5].

In this randomized study, we found no difference in
sensitivity between DTT and sonication for detection of
PJI, and both tests were more sensitive than standard tissue
cultures. Although our data suggest that the use of DTT
may be more effective than sonication when aseptic loos-
ening of the implant is suspected preoperatively, further
studies focused on such patients will be necessary to con-
firm these data. Cultures of sonication or DTT fluid should

am—
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be considered important additions to routine tissue cultures
along with other clinical laboratory criteria in the complex
workflow for PJI diagnosis.
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