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Implant surface culture may be a useful adjunct to stan-
dard tissue sampling culture for identification of patho-
gens accounting for fracture-device-related infection: a 
within-person randomized agreement study of 42 patients
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Background and purpose — Identification of pathogens 
causing fracture-device-related infection (FDRI) is always a 
challenge as the positive rate of standard tissue sampling cul-
ture (TSC) remains unsatisfactory. This study evaluates the effi-
ciency of implant surface culture (ISC) as an adjunct to standard 
TSC for identification of FDRI-associated microorganisms.

Patients and methods — Between November 2020 
and March 2022, patients diagnosed with FDRI defined by 
the International Fracture-Related Infection (FRI) Consensus 
Group, and indicated for implant removal, underwent both 
methods for bacteria detection. The test order of ISC and TSC 
was randomly selected for each patient included, as a within-
person randomized design. For ISC, the recovered implants 
were gently covered with tryptic soy agar after rinsing with 
normal saline twice, and then incubated at 37℃ 5% CO2 for 
up to 14 days. For TSC, 5 specimens were sampled and sent to 
the Clinical Laboratory of Southern Medical University Nan-
fang Hospital, Guangzhou, for culture and identification.

Results — 42 consecutive patients were included, with a 
mean age of 46 years. The most frequent infection site and 
implant type were the tibia (21 cases) and plates with screws 
(30 cases), respectively. Altogether 21 patients were found 
with positive outcomes by both methods, and the identi-
fied pathogens were consistent. ISC found an additional 15 
patients showing positive results, which were negative by 
TSC. Furthermore, the mean culture time of ISC was shorter 
than that of TSC (1.5 days vs. 3.2 days).

Interpretation — ISC may be a useful adjunct to TSC for 
detection of bacteria causing FDRI, with a relatively higher 
positive rate and a shorter culture time.

Fracture-device-related infection (FDRI) is defined as infec-
tion of the osseous tissue contacting an implant with or with-
out infection of the surrounding soft tissue, resulting from 
contamination of pathogens and/or compromised immunity of 
the host (1). Diagnosis is sometimes difficult due to the non-
specific symptoms, and treatment is often complex, with a 
high risk of infection recurrence (2,3). In addition, FDRI also 
brings a series of adverse events, such as prolonged length of 
hospital stay, multiple surgeries, limb amputation, side effects 
of antibiotic medications, and socioeconomic issues (4). 

To increase the cure rate, one of the key points is how to 
correctly and effectively identify the related pathogens. Cur-
rently, intraoperative tissue sampling culture (TSC) remains 
the gold standard for bacteria identification (5). However, the 
positive rate of culture is not high (6). In order to increase the 
positive rate, different adjunctive strategies had been intro-
duced, such as sonicate fluid culture (7) and intramedullary 
tissue culture (8). 

Recently, a study reported using a novel “agar candle dip” 
method to map the bacterial biofilms on recovered orthope-
dic implants (9), which showed promise in growing bacteria 
directly from the implants. These findings suggest that cultur-
ing directly from implant surfaces may be an effective method 
for bacteria detection as there may exist bacterial biofilms 
attached to the implant surfaces. Therefore, we evaluated the 
efficiency of this method, here referred to as “implant sur-
face culture” (ISC), which is more accurately descriptive, as 
an adjunct to standard TSC for identification of FDRI-related 
microorganisms. 
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Patients and methods 
Study design, setting, inclusion, and exclusion criteria
This study, designed as a within-person randomized agreement 
study (10,11), was conducted following a prespecified protocol 
(see Supplementary data) in the Southern Medical University 
Nanfang Hospital, a tertiary healthcare center providing spe-
cialist treatment to patients with musculoskeletal infections. 
Included patients were those diagnosed with FDRI, who had 
had removal of the implants, and complied with the proto-
col. FDRI patients who underwent debridement, antibiotic 
therapy at the time of surgery, implant retention (DAIR) sur-
gery, or nonoperative treatment or violated the protocol were 
not included. FDRI diagnosis was diagnosed according to the 
criteria outlined by the International Fracture-Related Infec-
tion (FRI) Consensus Group (12,13). FDRI was established 
based on any of the following confirmatory criteria, including 
a sinus tract and wound breakdown to the bone or the implant, 
pus in the fracture site, visible microorganisms on histological 
analysis, and presence of over 5 NP/HPF (14,15) on histology. 

ISC and TSC procedures
All patients received routine tests after admission, and antibi-
otics were stopped for at least 2 weeks prior to surgery. During 
surgery, empirical intravenous cephalosporins or alternatively 
clindamycin were administered only after implants had been 
removed, and multiple specimens had been collected and sent 
for culture and histology. ISC and TSC were conducted inde-
pendently, thus the test order of the 2 methods did not influ-
ence the outcomes. 

For ISC, the removed implants were first rinsed with normal 
saline twice to wash out the residual blood, tissue, and poten-
tial planktonic bacteria, and were placed in aseptic culture 
plates in the operation room. The explants were then trans-
ported to the laboratory and processed within 2 hours. Their 
surfaces were gently covered with cooled but still molten tryp-
tic soy agar (TSA) and incubated at 37℃ containing 5% CO2. 
The recovered implants were inspected every day for bacterial 
outgrowth, and if necessary sterile TSA was carefully supple-
mented in order not let the surface dry out. If bacterial colo-
nies were found, at least 3 different sites were swabbed and 
sent to the Department of Clinical Laboratory of our hospital 
for pathogen identification. Such a procedure was continued 
for 14 days as suggested (16), or until there was evidence of 
bacterial colony growth. The implants were then discarded as 
medical waste.

For TSC, an experienced orthopedic surgeon sampled at 
least 5 different sites suspected of infection, usually at the 
implant–bone interface, using the “no-touch-technique” as 
recommended (13). The “No-touch technique” refers to sepa-
rate, unused surgical instruments being used for each sample 
obtained, to avoid cross-contamination. Specimens were 
transported individually using sterile containers and processed 

within 2 hours by the Department of Clinical Laboratory of 
our hospital. The specimens were first homogenized sepa-
rately in 10 mL of saline solution using glass beads, and were 
then inoculated into blood culture bottles (BACTEC Lytic/10 
Anaerobic/F bottle and BACTEC Plus Aerobic/F bottle, 
Becton Dickinson, Franklin Lakes, NJ, USA) for incubation 
for at least 7 days. Any identified bacterial colonies were col-
lected and sent for further identification.

Statistics
Statistical analysis was conducted using the Statistical Pack-
age for the Social Sciences software (version 17.0, SPSS Inc., 
Chicago, IL, USA). McNemar’s test and a paired t-test with 
95% confidence interval (CI) were used to compare the posi-
tive rate and culture time between the 2 methods, respectively. 
All reported values were 2-sided with a p-value of < 0.05 con-
sidered statistically significant.

Ethics, data sharing, funding, and potential conflicts 
of interest
All patients signed the informed consent form, and this study 
was approved by the Medical Ethical Committee of the South-
ern Medical University Nanfang Hospital (NFEC-2020-075). 
Primary outcomes of the included patients are listed in Table 
1; additional anonymized data can be shared on reasonable 
request. Research was funded by grants from NIH R01 (grant 
number: GM124436), National Natural Science Foundation 
of China (grant number: 82172197), and Guangdong Basic 
and Applied Basic Research Foundation (grant number: 
2022A1515012385). There is no conflict of interest to declare.

Results
Participant flow, demographics, infection site, and 
implant type of the included patients
50 patients were considered for inclusion initially, and 42 were 
included finally. The test order of TSC and ISC was randomly 
performed, and each group had data of 42 patients analyzed 
(Figure 1). There were 33 males and 9 females. The mean age 
of the patients was 46 years (SD 15), with males and females 
aged 44 years (SD 14) and 54 years (SD 17), respectively. 
The most frequent infection site was the tibia (21 cases), fol-
lowed by femur (12 cases), calcaneus (5 cases), humerus (1 
case), patella (1 case), fibula (1 case), and clavicle (1 case). 30 
patients had a plate and screws, with an intramedullary nail in 
7 cases, Kirschner wire and steel wire in 4 cases, and a can-
nulated screw in 1 case. 

Culture outcome and culture time by TSC and ISC 
Among the 42 patients, 21 patients were found to have posi-
tive cultures by the 2 methods, and the detected pathogens 
were consistent between methods. However, ISC identified an 
additional 15 patients with positive culture outcomes, which 
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were negative by the TSC method. Thus, the detection rate fol-
lowing ISC increased significantly (p = 0.001). Furthermore, 
the mean culture time of ISC was much shorter than that by 
TSC (1.5 days [SD 1.1] vs. 3.2 days [SD 0.7], p < 0.001) (CI 
of the difference –2.2 to –1.1 days) among the 21 patients. The 
detailed outcomes are listed in the Table, and Figure 2 displays 
4 FDRI patients with positive outcomes using the ISC method. 

Pathogen type 
Among the 36 patients with positive cultures by ISC, 33 cases 
were identified with monomicrobial infection. Staphylococ-
cus aureus (20 cases), Staphylococcus epidermidis (3 cases), 
and Enterococcus faecalis (3 cases) were the top 3 detected 
bacteria species (Table). There were 2 cases showing negative 
culture by ISC that were positive by TSC, one being Strepto-
coccus dysgalactiae, the other Streptococcus intermedius. 

Discussion

Surgery is one of the most effective ways to treat FDRI. For 
surgical treatment, aside from radical debridement, sensitive 
antibiotics use is another indispensable strategy to treat such 
infections. However, the optimal antibiotic therapy relies on 
correct and effective identification of FDRI associated patho-
gens. Nevertheless, to date, the positive rate of TSC is less than 
expected from other diagnostic criteria (6,17), despite growing 
investigations focusing on improving diagnostics by various 
sampling and culturing procedures of tissue samples (18-20). 
Here, we analyzed the efficiency of ISC as an adjunct to TSC 
for detection of FDRI-related pathogens, with reference to 
a previous study focusing on mapping bacterial biofilms on 
recovered orthopedic implants (9). Our results showed that, 

compared with the TSC, ISC was able to detect additional 
pathogens that failed to be identified by TSC, and also had a 
shorter time to culture. In addition, the culture outcomes were 
inconsistent with each other among patients with a positive 
culture between the two methods. These data suggest that ISC 
may be a useful adjunct to TSC for identification of FDRI-
related microorganisms.

Currently, TSC is still the mainstay to identify FDRI-asso-
ciated pathogen, though the sensitivity of TSC remains unsat-
isfactory, ranging from 43% (21) to 89% (22), with most of the 
reported outcomes around 60% (23). It is known that TSC out-
come is influenced by multiple factors, such as recent surgical 
intervention and antibiotic use, specimen selections, culture 
condition, and even the number of tissue samples for culture 
(18). In order to increase the positive rate of TSC, several rec-
ommendations have been proposed by the AO Foundation, 
the European Bone and Joint Infection Society (EBJIS), the 
Orthopaedic Trauma Association, and the PRO-IMPLANT 
Foundation, such as at least 2 weeks free of antibiotics, collec-
tion of 5 or more deep tissue or fluid samples, and administra-
tion of antibiotics immediately after sampling obtained (13). 

Aside from TSC, new emerging techniques have recently 
been developed, also aimed at increasing the detection rate 
of FDRI-associated microorganisms. Based on a retrospec-
tive analysis of 230 cases, Bellova et al. (7) found that soni-
cate fluid culture might be a useful adjunct in diagnosis of 
FDRI, especially for low-grade infections. Outcomes of an 
updated meta-analysis revealed that traditional tissue sam-
pling was more sensitive while sonication fluid sampling 
was more specific, and, thus, the authors suggested the inte-
gration of both methods to obtain optimal results (23). Aside 
from sonication fluid culture, a recent study (8) compared the 
efficiency of intramedullary tissue cultures from the Reamer–

Considered for inclusion
n = 50
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Declined to participate

n = 3

Screened for assessment
n = 47

Excluded (n = 5):
– received DAIR surgery, 2
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– non-operative treatment, 1
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order of TSC and ISC 

n = 42
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the TSC group

n = 42

Allocated to 
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n = 42
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n = 42

Figure 1. Flowchart of the FDRI patients 
included in this study.

Figure 2. Presentations of 4 FDRI patients showed positive culture outcomes using the ISC method. 
a. Case no. 6: A 34-year-old male was diagnosed with patellar FDRI, with ISC of Kirschner wire and 
steel wire showing S. aureus colonies. The TSC outcome also revealed S. aureus infection but with a 
longer culture time (3 days vs. 1 day). b. Case no. 13: A 51-year-old male was diagnosed with calca-
neal FDRI, with ISC of plate and screws displaying S. aureus colonies, which was supported by the 
TSC result. c. Case no. 14: A 63-year-old male was diagnosed with tibial FDRI, and the ISC outcome 
showed a mass of S. aureus colonies on and surrounding the screws, which was inconsistent with the 
TSC outcome. d,e. Case no. 29: A 53-year-old male was diagnosed with femoral FDRI, and ISC of 
the intramedullary and tail cap showed S. aureus colonies. However, the TSC outcome was negative. 
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Irrigator–Aspirator (RIA) system with standard tissue culture. 
Although similar results were found between the 2 strategies, 
RIA-system cultures were able to display additional relevant 
pathogens that were not identified by traditional tissue culture. 
Therefore, the authors concluded that such a novel method 
could be used as an adjunct to standard tissue cultures. How-
ever, RIA does not allow easy acquisition of multiple inde-
pendent samples, something that will increase the accuracy of 
tissue culture by avoiding potential false-positive results. In 
general, compared with TSC, such emerging pathogen iden-
tification strategies display advantages. However, their effi-
ciency should be evaluated by future studies.

The satisfying outcome of the aforementioned “agar candle 
dip” method (9) implies that culture on explant components 
may be a useful strategy to identify FDRI-related pathogens 
because of the possibility of bacterial biofilms attached to the 
implant surfaces. We believe that ISC primarily has 3 advan-
tages compared with TSC. First, whole-implant surface cul-
ture may reduce the risk of specimen selection bias. One of 
the important factors that affects TSC results is the selection 
of specimens during surgery, which largely relies on the sur-
geon’s experience. Thus, selection bias cannot be avoided. 
Also, biofilms are known to be heterogenous, often occur-
ring as small aggregates of 10s to 100s of microns (24-26) 

Clinical characteristics of the FDRI patients included, culture time, and culture outcomes by ISC and TSC

Case	 Sex/	 Infection			   ISC time		  TSC time
no.	 age	 site	 Implant type	 ISC outcome	 (days)	 TSC outcome	 (days)

1	 F/16	 Humerus	 Intramedullary nail	 Enterobacter cloacae	 2	 Enterobacter cloacae	 3
2	 M/65	 Tibia	 Plate and screws	 Staphylococcus aureus	 2	 Negative	 n.a.
3	 F/62	 Calcaneus	 Cannulated screw	 Staphylococcus aureus	 1	 Staphylococcus aureus	 3
4	 M/59	 Tibia	 Plate and screws	 Streptococcus agalactiae +	 2	 Negative	 n.a.
				    Staphylococcus aureus
5	 M/29	 Femur	 Plate and screws	 Staphylococcus aureus	 2	 Staphylococcus aureus	 5
6	 M/34	 Patella	 K-wire and steel wire	 Staphylococcus aureus	 1	 Staphylococcus aureus	 3
7	 M/45	 Tibia	 Intramedullary nail	 Pseudomonas aeruginosa	 2	 Pseudomonas aeruginosa	 2
8	 M/42	 Tibia	 Intramedullary nail	 Enterococcus faecalis	 6	 Enterococcus faecalis	 4
9	 M/39	 Tibia	 Plate and screws	 Staphylococcus aureus	 4	 Negative	 n.a.
10	 F/64	 Femur	 Plate and screws	 Viridans streptococcus + 	 4	 Negative	 n.a.
				    Staphylococcus epidermidis
11	 M/46	 Tibia	 Plate and screws	 Staphylococcus aureus	 2	 Staphylococcus aureus	 3
12	 M/40	 Tibia	 Plate and screws	 Staphylococcus lugdunensis	 5	 Negative	 n.a.
13	 M/51	 Calcaneus	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 2
14	 M/63	 Tibia	 Plate and screws	 Staphylococcus aureus	 2	 Staphylococcus aureus	 3
15	 F/70	 Femur	 Plate and screws	 Staphylococcus epidermidis	 4	 Negative	 n.a.
16	 F/56	 Tibia	 Plate and screws	 Negative	 n. a.	 Streptococcus dysgalactiae	 4
17	 M/49	 Tibia	 Plate and screws	 Negative	 n. a.	 Negative	 n.a.
18	 F/67	 Tibia	 Plate and screws	 Enterococcus faecalis	 4	 Negative	 n.a.
19	 M/54	 Femur	 Plate and screws	 Staphylococcus aureus	 2	 Staphylococcus aureus	 3
20	 M/45	 Calcaneus	 Plate and screws	 Staphylococcus aureus	 2	 Negative	 n.a.
21	 F/37	 Femur	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 3
22	 M/62	 Calcaneus	 Plate and screws	 Staphylococcus epidermidis	 5	 Negative	 n.a.
23	 M/22	 Clavicle	 Plate and screws	 Negative	 n. a.	 Negative	 n.a.
24	 M/36	 Tibia	 K-wire	 Staphylococcus lentus	 2	 Negative	 n.a.
25	 M/47	 Tibia	 Plate and screws	 Staphylococcus aureus + 	 1	 Staphylococcus aureus + 	 4
				    Escherichia coli		  Escherichia coli
26	 M/53	 Femur	 Intramedullary nail	 Negative	 n. a.	 Streptococcus intermediate	 7
27	 M/24	 Tibia	 K-wire and steel wire	 Staphylococcus epidermidis	 3	 Negative	 n.a.
28	 F/62	 Tibia	 Intramedullary nail	 Staphylococcus aureus	 2	 Negative	 n.a.
29	 M/53	 Femur	 Intramedullary nail	 Staphylococcus aureus	 3	 Negative	 n.a.
30	 M/14	 Femur	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 3
31	 M/29	 Tibia	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 3
32	 M/49	 Tibia	 Plate and screws	 Escherichia coli	 1	 Escherichia coli	 3
33	 M/62	 Fibula	 Plate and screws	 Bacillus cereus	 1	 Negative	 n.a.
34	 M/52	 Femur	 Plate and screws	 Negative	 n. a.	 Negative	 n.a.
35	 M/72	 Femur	 Intramedullary nail	 Escherichia coli	 1	 Escherichia coli	 3
36	 M/35	 Tibia	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 3
37	 M/31	 Tibia	 Plate and screws	 Negative	 n. a.	 Negative	 n.a.
38	 M/51	 Calcaneus	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 4
39	 M/50	 Tibia	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 2
40	 M/49	 Tibia	 Plate and screws	 Staphylococcus aureus	 1	 Staphylococcus aureus	 4
41	 M/16	 Femur	 Plate and screws	 Enterococcus faecalis	 1	 Negative	 n.a.
42	 F/48	 Femur	 K-wire	 Staphylococcus aureus	 1	 Staphylococcus aureus	 4

ISC: implant surface culture; TSC: tissue sampling culture; n.a.: not applicable.
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and swabbing discrete locations may miss biofilm. Second, 
the bacterial biofilms attached to the explant surfaces may be 
less influenced by systematic antibiotic use and thus return a 
higher positive on culture. Although antibiotics were stopped 
for at least 2 weeks before surgery in our study, the detection 
rate of TSC was not as high as expected from other diagnostic 
criteria. Third, if biofilm is present it is allowed to grow from 
its in-situ environment without disturbing it with methods 
such as sonication scraping or swabbing. However, ISC also 
has several drawbacks. First, the implants need to be specially 
handled in the operation room and the implants take up more 
room in a clinical microbiology culture room. Additionally, 
pouring or supplementation of the TSA agar means that the 
implant was exposed for a relatively long period, which may 
increase the risk of contamination. It is notable that 4 patients 
with definite diagnosis of FDRI by another diagnostic crite-
rion showed negative outcomes for both methods, which may 
be associated with several possible factors, such as special 
bacteria type or special requirements of culture conditions. We 
used TSA agar to cover the explant surface, but whether this 
is the optimal culture medium requires further investigation. 
There were still 2 cases showing negative outcomes follow-
ing the ISC method but with positive outcomes by TSC; thus, 
whether ICS can be used in all FDRI cases or only specific 
patient group needs to be further evaluated as it requires spe-
cialized handling and training.

With regards to the difference and benefits between ISC and 
sonication, sonication is designed to remove biofilm bacteria 
from hardware into the surrounding media for subsequent 
culture. However, this necessarily requires that the biofilm is 
physically disrupted and it is not known how this may affect 
culture viability. Also, although it is very useful in improv-
ing culture recovery from whole implants, it does not provide 
information on how the biofilm may be distributed. The ISC 
method has the potential to identify particular components, 
materials, and surface features that may be more susceptible 
to biofilm formation. However, further studies are required to 
assess the importance of such mapping to current and future 
infection management.

Our study provides a new strategy for identification of FDRI-
related pathogens. One limitation of the method rests with the 
fact that it cannot be conducted where implant hardware is not 
removed. The current study also has several limitations. First, 
the outcomes were based on an analysis of 42 patients, and the 
sample size was limited. To obtain more reliable conclusions, 
more participants should be included. Second, we conducted 
only preliminary comparisons between ISC and TSC, and to 
better evaluate ISC efficiency a control group should be con-
sidered to calculate its sensitivity and specificity. Third, our 
study did not trace the treatment efficacy, especially for those 
with TSC showing a negative result while ISC revealed a posi-
tive outcome. We believe that a positive culture outcome may 
have an influence on efficacy, which needs to be certified by 
future studies. 

In summary, we found that ISC may be a useful adjunct to 
TSC for detection of FDRI-related microorganisms, identify-
ing additional pathogens with a relatively shorter culture time. 
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Protocol
After admission (before surgery):

Suspected of having FDRI by clinical signs and symptoms, 
imaging tests, or serological tests. 

Screened for eligibility and informed consent signed.
Antibiotics have been stopped for at least for 2 weeks prior 

to surgery.
Surgery plans to remove the implants. 

During surgery:
At least 3 different sites suspected of infection should be 

collected and sent for histology. 
Empirical intravenous antibiotics can be used only after 

implants have been removed, and multiple specimens 
have been collected and sent for culture and histology.

ISC protocol:
Implant types include but not limited to plate, screw, intra-

medullary, Kirschner wire, and steel wire. 
Rinse the removed implants with normal saline twice.
Put the explants on an aseptic culture plate.
Transfer the explants to the laboratory and dispose within 2 

hours after implant removal. 
Cover the surface of the explant surfaces gently with cooled 

but still molten tryptic soy agar (TSA).
Incubate the plate at 37℃ containing 5% CO2.
Inspect the explants every day for bacterial outgrowth and 

supplement TSA to the surfaces when necessary.

In the case of bacterial outgrowth, at least three different 
sites of colonies should be swabbed aseptically and sent 
to the Clinical Laboratory Department for microorganism 
identification. 

Observe the explants for 14 days and if there is no evidence 
of bacterial outgrowth after 2 weeks, discard the explants 
harmlessly as medical waste.

Record the culture outcomes and culture time. 
TSC protocol:

Sample at least 5 different sites suspected of infection, and 
implant–bone interface should be the superior site.

Use separate, unused surgical instruments for each sample 
collection.

Transport the specimens individually using sterile contain-
ers and disposal within 2 hours by the Clinical Laboratory 
Department.

Homogenize the specimens separately in 10 mL of saline 
solution using glass beads.

Inoculate the homogenized specimens into blood cul-
ture bottles (BACTEC Lytic/10 Anaerobic/F bottle and 
BACTEC Plus Aerobic/F bottle) for at least 7 days, and 
extend the culture time to 14 days when necessary.

Collect bacterial colonies observed for identification.
Record the culture outcomes and culture time. 


