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Abstract 
Introduction: Low-grade PJI remains a diagnostic dilemma in the medical 
community. It is mainly caused by low-virulent bacteria that cause chronic 
infection. This is mainly due to the formation of biofilms on the implant sur-
face. This biofilm formation poses a diagnostic challenge that causes difficul-
ties in the microbiological diagnosis of the infection by conventional culture 
methods. Sonication culture of implants has proven to be useful for biofilm 
forming bacteria. Therefore, we examined the evaluation of low-grade PJI 
using sonication culture methods and searched for influencing factors. The 
methods: Between October 2016 and November 2019 we retrospectively ex-
amined adult patients with suggestive clinical and laboratory findings of 
low-grade PJI. The patient's medical history, demographic information, 
prosthesis type, laboratory findings and length of hospital stay were collected. 
The results of the microbiological culture were divided into the results of the 
conventional preoperative and intraoperative culture method and the results 
of the sonication. In addition, laboratory chemical diagnostics of the joint 
punctures and CRP determination were performed. Additionally, the influ-
ence of prosthesis design and fixation technique, with and without cement, 
was investigated. The Results: Fifty-two patients with a mean age of 70.5 
years were included in this study. The female population was more frequently 
affected. The most frequently affected joints were hip and knee. A higher 
percentage of pathogen detection was found at sonication with 60% of posi-
tive cultures, compared to 52% of intraoperative and 40% of preoperative  
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conventional positive culture findings. The majority of patients were mono-
microbial infections, with Staphylococcus epidermidis being the most fre-
quently detected etiologic pathogen. The sonication culture was best able to 
detect a polymicrobial infection in 14% of cases compared to 6% of intra-
operative and 4% of preoperative conventional cultures. Patients with a po-
lymicrobial infection showed higher CRP values (P = 0.0172) and longer hos-
pitalization (P = 0.0017) than monomicrobial infected patients. The results of 
the intraoperative conventional culture showed the highest congruence with 
the results of the sonication culture (concordance of 79%) compared to the 
preoperative culture. An infectious histopathological classification confirmed 
the microbiological ultrasound findings in 69% of cases with an infectious 
category. Cemented fixation showed a trend towards less positive microbio-
logical findings, and total hip arthroplasty showed the highest detection of 
bacteria by sonication culture compared to bicondylar surface knee replace-
ment (P = 0.0072). Conclusion: The sonication culture proved to be an im-
portant microbiological diagnostic tool, especially for the detection of poly-
microbial infections in cases of low-grade PJI. This method has an established 
place in the diagnosis of low-grade PJI. The prosthesis design and the ce-
mented fixation technique seem to have an influence on the detection of bac-
teria. 
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1. Introduction 

Periprosthetic joint infection (PJI) is a serious and complex situation after arth-
roplasty. As stablished in a general consensus PJI is defined by presenting one of 
the following major criteria: two positive periprosthetic cultures with phenotyp-
ically identical organisms or a sinus tract communicating with the joint [1] [2]. 
PJI is also defined by just the presence 3 of the following minor criteria: elevated 
serum CRP, ESR, synovial fluid WBC, ++ change on leukocyte esterase strip test, 
elevated synovial fluid PMN%, positive histological analysis and a single positive 
culture [1] [2]. PJI might be usually classified depending on the time of onset as 
acute (high grade) or chronic (low grade) infections [3]. High grade infections 
usually display classical sings of an acute establishment with no further diagnos-
tic difficulties, on other hand, low grade infections represent a real medical di-
agnostic challenge due to the presence of ambiguous clinical and laboratory 
findings [4]. Low grade infections usually are produced by low-virulent bacteria 
which cause a delayed postoperative onset [3] [5]. However, the persistence of 
the infection and the inflammatory process might be also related to special bac-
teria properties which make them to adhere and assemble in an enclosed extra-
cellular matrix on implanted material, a biofilm [6]. This might cause resistance 
not only to host’s endogenous immune response but also to drugs treatment in 
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multiple ways which have been reviewed before [7] [8]. An unclear diagnosis is 
also often displayed due to negative microbiological cultures, in which preva-
lence has been reviewed to be between 5% and 42% [9]. The absence of micro-
organisms identification might be also attributable to biofilms, situation in 
which colonies are not produced from the samples taken and cultured into con-
ventional growth methods [10]. Due to this fact, relatively new culturing me-
thods have been tried to be able to increase the diagnostic reliability of infec-
tions, among them, the sonication culture through sound waves in the ultra-
sound spectrum mechanically removes adhered bacteria in the biofilms, on the 
implanted prosthetics. This technique has been represented as a simple and 
sensible method to improve the microbiologic diagnosis of PJI [11] [12]. A con-
sistent and uniform definition for low grade PJI condition is still missing nowa-
days, which hinders a specific diagnostic protocol to follow [13]. In conse-
quence, an attempt is to improve the diagnostic reliability multiple tests which 
have been taken as nonspecific parameters. However, microbiological findings 
are still considered as one of the most important for an accurate diagnosis. Due 
to these, we retrospectively analyzed the benefits of sonication culture in low 
grade PJI patients. 

2. Methods 
2.1. Source Population 

We retrospectively reviewed the electronic health records of all diagnosed pa-
tients with low grade PJI at our institution (Schön Klinik Eilbek, Hamburg, 
Germany) from October 4, 2016 to November 1, 2019. Patients with a delayed or 
chronic postoperative onset, ≥4 weeks after surgery, with ≥3 weeks of symptoms 
and clinical-laboratory findings suggesting infection were included. All patients 
were scheduled for prostheses treatment removal in our institution. Exclusion 
criteria consisted in patients with an acute onset of the infection or an incom-
plete medical record. Demographic characteristics of the patients such as, age 
and gender were included. Information about prostheses type, affected anatomic 
region and hospitalization time were also collected. Laboratory results as blood 
C-reactive protein (CRP) and leukocytes levels were reviewed. Pre-operation, 
intra-operation and sonication samples culture results were also recorded. 
Krenn classification histopathological analysis [14] of intraoperation samples 
was collected for the data base when available. The evaluated data of our study 
was anonymized, and the information was only accessible to the treatment and 
research team. 

2.2. Culturing Techniques 
2.2.1. Sonication 
Explanted prostheses were transported in sterile boxes into the laboratory, where 
they were overlaid with phosphate buffered saline (PBS) and then shaken for 30 
seconds. Afterwards they were sonicated for 3 minutes at 100% power in an ul-
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trasound bath (Bactosonic). Immediately after sonication the box was again vi-
gorously shaken for 30 seconds, before removing 50 ml of the sonication fluid 
into a 50 ml tube. This tube was the centrifuged for 5 minutes at 5000 rpm. After 
centrifugation the supernatant was discarded, except 0.5 ml. The pellet was re-
suspended and then 100 µl were plated each on a Columbia blood agar, a choco-
late agar and a Schaedler agar (all from Becton Dickinson). The former two were 
incubated at 37˚C and 5% CO2 for 14 days, while the latter one was incubated 
anaerobically for 14 days. Finally, 100 µl of the sonication fluid was transferred 
to a semifluid Leber agar (Sifin) enrichment medium, which was incubated at 
37˚C for 14 days as well. Plates and Leber-agar were inspected for growth on day 
1 and 2 and then every three days. Bacteria were identified using a Maldi-Tof in-
strument (Bruker biotyper) and susceptibility tests were carried out using a Vi-
tek 2 automation (Biomerieux). 

2.2.2. Standard Culture Methods 
Swabs were put in 2 ml of physiological NaCl solution for up to 30 minutes, 
which was then streaked out on a blood agar plate (BD). Additionally, 400 µl 
each were then transferred to a Brain-Heart-Infusion liquid medium (BHI, Bec-
ton Dickonson) and a Leber/Thioglycolat semifluid medium (Sifin). Excised tis-
sue samples were homogenized and then transferred into BHI, Leber agar and 
Leber/Thioglycolat semifluid medium. Joint aspirates were centrifuged when 
appropriate (more than 3 ml) with removal of supernatant more than 3 ml or 
used. The synovial fluid was streaked out on Columbia blood agar, transferred 
into BHI, Leber agar and Leber/Thioglycolat semifluid medium. 

All materials were incubated at 37˚C for 14 days. Plates and fluid media were 
inspected for growth on day 1 and 2 and then every three days. Bacteria were 
identified using a Maldi-Tof instrument (Bruker biotyper) and susceptibility 
tests were carried out using a Vitek 2 automation (Biomerieux). 

3. Analysis 

Medical records information was converted into structured data. Based on the 
time and methods in which the microbiological analysis was made results were 
divided into 3 groups: 1) pre-operative, 2) intra-operative and 3) sonication 
group. In group 1 and 2 standard culture results were examined. These results 
were compared with the sonication culture information (group 3) in terms of 
positive or negative findings. The specific microorganism was identified, and the 
number of microorganisms were found and also described. Descriptive statistics 
was used for determining the pathogen detection percentages and concordance 
of the different cultures results. Furthermore, we compared the different patho-
gen detection rates between the groups using Fisher exact test and Mann Whit-
ney non-parametric Gaussian distribution test was used between 2 groups of da-
ta when possible. A P value of <0.05 was considered as statically significant using 
Prism GraphPad 8 (San Diego, California). 
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4. Results 
4.1. Demographic and Clinical Characteristics of the Patients 

As shown in Table 1 a total of 52 patients were enrolled in this study. Female 
patients had almost twice prevalence than male. The mean age of the patients 
was of 70.5 years old, both men and women patients presented no age differenc-
es with almost the same mean age, 71.2 and 70 years old respectively. The most 
common affected joints were the hip and the knee with the same number of cas-
es, 44.23%, followed by the shoulder with 11.53%. Male patients most common 
affected joint were the hip with 55% of the cases followed by the knee with 30% 
and shoulder in 15%. On the other hand, females were more commonly affected 
in the knee with 53.12%, followed by hip with 37.50% and shoulder 9.38%. The 
inpatient length stay presented no differences in both groups of patients with 
almost a mean of 20 days. However, male patients showed a wider range of hos-
pitalization days compared to women, 10 - 60 and 11 - 28 days respectively. Ce-
mented type fixations were the most commonly used, this with a 63.46% of the 
cases compared to 34.61% of fixation without cement. Table 2 summarizes the 
prosthetics types used in the patients. 

4.2. Sonication Culture showed a Higher Percentage  
of Pathogen Detection 

Our results showed that the highest percentage of pathogen detection was found  
 

Table 1. Patients characteristics. 

Patients population data 

n 52 

Male 20 (38.5%) 

Female 32 (61.5%) 

Mean age in years (SD) [range] 
Male mean age (SD) [range] 
Female mean age (SD) [range] 

70.5 (12) [37 - 89] 
71.2 (11) [43 - 85] 
70 (12) [37 - 89] 

Inpatient length mean in days (SD) [range] 
Male mean in days (SD) [range] 
Female mean in days (SD) [range] 

19 (7) [10 - 60] 
20 (10) [10 - 60] 
19 (5) [11 - 28] 

Affected joints Hip - 2 Knee -23 (44.23%) 
3 (44.23%) 
Shoulder- 6 (11.53%) 

Male Knee -6 (30%) 
Hip - 11 (55%) 
Shoulder- 3 (15%) 

Female Knee -17 (53.12%) 
Hip - 12 (37.50%) 
Shoulder- 3 (9.38%) 
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in the sonication culture with 60% of positive and 40% of negative cultures. On 
the other hand, the traditional cultures made with the intra-operative sampling 
showed a 52% of positive results while a 48% remained negative for microbio-
logical analysis. The lowest percentage of bacterial detection was found in the 
pre-operative culture results with just a 40% of positive cultures. Table 3 re-
sumes the culture percentages results of the 3 different groups. 

4.3. Staphylococcus Epidermidis Was the Most Common  
Pathogen Detected 

For most of the patients in the three groups just one etiological agent was identi-
fied as shown in Table 4. The most common isolated pathogen was Staphylo-
coccus epidermidis with a 13% pre-operatively, 23% intra-operatively and 19% 
in sonication cultures. Table 5 shows that most of the cases detected with this 
etiological agent where during the intra-operative sampling. This, in contrast  

 
Table 2. Prosthetics types in selected patients. 

Prosthetics type 

Prosthetics type All patients Male patients Female patients 

Bicondylar surface knee arthroplasty 16 (30.76%) 5 (25%) 11 (34.37%) 

Totalarthroplasties 35 (67.30%) 14 (70%) 21(65.62%) 

Cement 33 (63.46%) 11 (55%) 22 (68.75%) 

Cementless 18 (34.61%) 8 (40%) 10 (31.25%) 

Bicondylar surface knee arthroplasty/with cement 
Bicondylar surface knee arthroplasty/without cement 

13 (25%) 
2 (3.84%) 

3 (15%) 
1 (5%) 

10 (31.25%) 
1 (3.12%) 

Total arthroplasties/with cement 
Total arthroplasties/without cement 

19 (36.53%) 
16 (30.76%) 

7 (35%) 
7 (35%) 

12 (37.50%) 
9 (28.12%) 

*1 patient without information. 
 

Table 3. Positive and negative microbiological cultures. 

Patients cultures results 

 Negative Positive 

Pre-Op 31 (60%) 21 (40%) 

Intra-Op 25 (48%) 27 (52%) 

Sonication 21 (40%) 31 (60%) 

 
Table 4. Monomicrobial and polymicrobial culture results. 

Patients cultures results 

 Monoinfection Coinfection Total positive cultures 

Pre-Op 19 (36%) 2 (4%) 21 (40%) 

Intra-Op 24 (46%) 3 (6%) 27 (52%) 

Sonication 24 (46%) 7 (14%) 31 (60%) 
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with Propionibacterium acnes which besides the fact that was the second most 
common detected pathogen in all groups it represented the most common agent 
detected in the sonication culture with a 17% of the cases. Staphylococcus aureus 
was found in 4% pre-operatively and in 6% intra-operatively. However, it was no 
detected in the sonication culture. Table 5 resumes the monomicrobial infective 
agents found in the three different studied groups. A positive culture result was 
only found in 5 cases (9.6%) in sonication, while the other two groups remained 
with a negative culture result, while in the case of intraoperative samples only 1 
patient (2%) was positive and pre-operatively in 3 cases (5.7%) as shown in Ta-
ble 6. Supplementary Table S1 shows all the microbiological findings and anti-
biogram in the three different groups. 

4.4. Sonication Culture Presented the Highest Coinfection  
Percentage Detection 

Multiple etiological agents were more commonly found in the sonication culture 
with a 14% of the cases compared to 4% pre-operatively and 6% intra-operatively, 
Table 4. Staphylococcus epidermidis was found as a co-infective agent in the three 
different groups while Staphylococcus aureus was just detected in the sonication 
group as shown in Table 7. 

 
Table 5. Monomicrobial microorganisms found in cultures. 

 Pre-Op Intra-Op Sonication 

Staphylococcus epidermidis 7 (13%) 12 (23%) 10 (19%) 

Propionibacterium acnes 5 (9%) 4 (7%) 9 (17%) 

Staphylococcus aureus 2 (4%) 3 (6%) - 

Streptococcus faecalis 2 (4%) - 1 (2%) 

Staphylococcus capitis 1 (2%) - 1 (2%) 

Staphylococcus haemolyticus - - 1 (2%) 

Streptococcus sanguinis - - 1 (2%) 

Pseudomona aureginosa 1 (2%) 2 (4%) - 

Streptococcus mitis 1 (2%) 1 (2%) - 

Actiomyces israelii - 1 (2%) - 

Staphylococcus lugdunensis - 1 (2%) 1 (2%) 

Co-infection 2 (4%) 3 (6%) 7 (14%) 

 
Table 6. Positive cultures when other groups remained with a negative culture. 

Pre-Op (5.7%) Intra-Op (2%) Sonication (9.6%) 

Propionibacterium acnes Staphylococcus epidermidis Propionibacterium acnes 

Staphylococcus epidermidis  Staphylococcus haemolyticus 

Enterococcus faecalis  Propionibacterium acnes 

  Propionibacterium acnes 

  Propionibacterium acnes 
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4.5. Multiple Infective Agents Associated with Higher CRP Levels 
and Longer Hospital Stay 

As shown in Figure 1(a), CRP serum levels of patients with multiple identified 
etiological agents were almost 4 times higher (P = 0.0172) with a mean of 79.99 
mg/L, when compared to patients with just one infective agent who presented a 
mean of 20.50 mg/L, this on sonication culture. Additionally, Figure 1(b) de-
monstrates a longer inpatient time care of almost 5 more hospitalization days in 
those patients with multiple pathogen infection detected with the same type of 

 
Table 7. Polymicrobial microorganisms found in cultures. 

Pre-OP Intra-OP Sonication 

Staphylococcus epidermidis 
Staphylococcus caprae 

- 

Enterococcus faecalis 
Staphylococcus capitis 

Staphylococcus warneri 

Staphylococcus aureus  
Staphylococcus caprae 

- 

Pseudomonas aeruginosa 
Klebsiella aerogenes 

Staphylococcus epidermidis  
Streptococcus sanguinis 

Staphylococcus epidermidis  
Staphylococcus haemolyticus 

- 
Staphylococcus capitis  

Propionibacterium acnes 
Staphylococcus epidermidis  
Propionibacterium avidum 

- - 
Staphylococcus aureus 

Bacillus cereus 

- - 
Pseudomonas aeruginosa  

Staphylococcus haemolyticus 

- - 
Staphylococcus aureus 

Streptococcus oralis 

- - 
Propionibacterium acnes  

Actinomyces israelii 

 

 
Figure 1. CRP levels and hospitalization days association with single and multiple de-
tected pathogens in sonication culture. (a) CRP serum concentrations of patients with 
monomicrobial PJI, mean = 20.50, SEM = 3.531 and patients with polymicrobial PJI, 
mean = 79.99, SEM = 32.47. (b) Hospitalization treatment days in patients with monomi-
crobial PJI, mean = 18.71, SEM = 1.907 and Polymicrobial PJI, mean = 23.39, SEM = 
1.267. Monomicrobial n = 24, Polymicrobial n = 7. Values shown are median with min to 
max values. Mann Whitney test. 
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culture (P = 0.0017). 

4.6. Highest Congruent Results Found between Intra-Operative 
and Sonication Culture 

The highest percentage of congruent results were found when comparing in-
tra-operative and sonication cultures, in which 41 patients presented the same 
findings (concordance of 79%), Table 8. In 7 cases (13.4%), the pathogen was 
detected in sonication only; in 3 patients (5.8%), the etiological agent was found 
intraoperatively only and in 7 cases an additional organism was found in sonica-
tion. Pre-operative culture congruent results showed a lower concordance per-
centage when compared with sonication, 31 patients (59.6%). The pathogen was 
detected only in sonication in 15 cases (28.8%); the organism was only identified 
preoperatively in 5 patients (9.6%) and an additional pathogen was detected in 
only 4 cases with the sonication culture. Total pathogen detection congruency 
between the three groups was seen in 28 patients (54%). 

4.7. Most of the Patients Presented an Infective  
Histopathological Classification 

The vast majority of the patients, 36 (69%) were classified as type II Krenn clas-
sification. The second most common classification was type III in 7 cases (13%), 
followed by type IV, 5 cases (10%) and type I in 2 patients (4%). In two patients 
the classification was not determined. Since the sonication culture showed the 
highest pathogen detection percentages, we assessed to compare the microbio-
logical culture findings with the Krenn classification. Type I presented 50% of 
positive and negative cultures, type 2 had 69% of positive results and the rest 
31% of negative cultures findings, type 3 presented a 57% of positiveness while a 
43% remained negative; type IV showed the lowest positive results with a 20% 
and the highest negative microbiological culture findings with a 80%. Table 9 
summarizes the histopathological classification and culture findings. 

 
Table 8. Microbiological cultures congruency %. 

Groups % 

PreOp/Sonication 31 (59.6%) 

IntraOp/Sonication 41 (79%) 

PreOp/IntraOp/Sonication 28 (54%) 

 
Table 9. Histopathological classification and sonication culture results. 

Krenn classification n Positive culture Negative culture 

I 4% (2) 50% (1) 50% (1) 

II 69% (36) 69% (25) 31% (11) 

III 13% (7) 57% (4) 43% (3) 

IV 10% (5) 20% (1) 80% (4) 
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4.8. Fixation Type Influenced on Microbiological Culture Results 

Cemented fixation was the most commonly used in the patients with a 62% of 
the cases, 32 patients, while cement free fixation was found in 37%, 19 cases. As 
shown in Table 10 microbiological culture results had a trend of presenting 
higher positive findings in those patients with a cementless fixation in all 3 stu-
died groups when compared to the cemented cases. 

4.9. Total Hip Replacement Arthroplasty Presented the Highest 
Bacteria Detection by Sonication 

We assessed to compare which of the main affected joints and prostheses type 
had a higher bacteria detection through sonication culture, Figure 2. Total hip  

 
Table 10. Fixation type and sonication culture results. 

Cementless 37% (19) Cemented 63% (32) 

Pre-OP 
Positive culture 
Negative culture 

53% (10) 
47% (9) 

34% (11) 
66% (21) 

Positive culture 
Negative culture 

Pre-OP 

Intra-OP 
Positive culture 
Negative culture 

63% (12) 
37% (7) 

44% (14) 
56% (18) 

Positive culture 
Negative culture 

Intra-OP 

Sonication 
Positive culture 
Negative culture 

74% (14) 
26% (5) 

50% (16) 
50% (16) 

Positive culture 
Negative culture 

Sonication 

 

 
Figure 2. Sonication pathogen detection by joint affection and prostheses type. (a) Bicondylar surface knee arthrop-
lasty n = 16 and total hip replacement arthroplasty n = 23. (b) Bicondylar surface knee arthroplasty n = 16 and total 
knee replacement arthroplasty n = 8. (c) Total hip replacement arthroplasty n = 23 and total knee replacement arth-
roplasty n = 8. Fisher’s exact test.  
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replacement arthroplasty showed the highest pathogen identification percentage, 
78.26%, which was statistically significant higher when compared to bicondylar 
surface knee replacement, 31.25% (P = 0.0072). Besides the fact that there was 
not a statistically significant difference when compared to total knee replace-
ment 37.50% (P = 0.0742), a trend of a much higher positive bacteria culture re-
sult is evident. Bicondylar surface knee arthroplasty and total knee replacement 
arthroplasty comparison didn’t have any difference on the culture results (P > 
0.9999). Negative culture results of total hip replacement arthroplasties were of 
21.74%, total knee replacement arthroplasties of 62.50% and bicondylar surface 
knee replacement arthroplasties of 68.75%. 

5. Discussion 

Low grade PJI is defined as the condition in which there is a lack of acute local 
inflammatory signs and it is commonly associated with an “unexplained” pain, 
swelling and reduced functional capacity of the joint which can show up even 
years after surgery [13]. As seen in our results this infection is usually more 
common in female population, this in concordance with other studies [15] [16] 
[17]. However, it has been also reviewd that in some cases male population is 
considered as a non-modifiable risk factor for developing hip or knee PJI [5] 
[18]. This gender differences are still uncertain and might be caused due to other 
factors such as smoking, body mass index and the presence of comorbidities. 

It is well known that there is a steady increase in the number of joint replace-
ment operations, in which hip and knee joints are the most common replaced 
and are expected to rise even more during the next years [19] [20]. As our results 
shows, these two joints are the most common affected in our studied population, 
both of them with almost 45% of the cases. However, something to be consi-
dered is the joint affection discrepancy between male and female population. 
Hip joint was more commonly affected in males while knee joint in females, 
both of them on more than half of the cases. Despite the fact that this affection 
behavior has no scientific clarification yet, a possible explanation might be due 
to anatomically differences between genders which has been reported to make 
males more susceptible to hip injuries [21] and females to knee injuries due to 
smaller cartilage volumes [22]. 

We assessed to compare the performance of sonication culture among stan-
dard culture methods of synovial fluid obtained by puncture before operation 
(Pre-Op) and samples obtained at the moment of operation (Intra-Op). Consis-
tent with other studies [12] [23], sonication culture method appeared to improve 
PJI microbiological diagnosis in our population, obtaining the highest positive 
culture percentage (60%) when compared to the intra-Op (52%) and pre-Op 
(40%). It has been shown that this method could be particularly useful in those 
patients in whom surgeons consider 2 stage surgery procedures, in which pa-
tients with painful implants, will undergo to implant removal with sonication 
step followed by a delayed arthroplasty procedure [24]. However, the impor-
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tance of standard culture methods have also been demonstrated and one must 
take into consideration that those culture methods should probably not be subs-
tituted by sonication but combined for obtaining a greater benefit [15] [25]. It 
has been even described that microbiological diagnosis of PJI improves signifi-
cantly by combining sonicated fluid in blood culture bottles when compared to 
just standard tissue cultures, synovial fluid culture, and even synovial fluid PCR 
for pathogen detection [26]. 

Around 40% of PJI infections are due to coagulase negative staphylococci [27] 
and that overall the most common of them is Staphylococcus epidermidis [28]. 
This, accordingly to our results in were this etiological agent was the most 
common isolated pathogen in the 3 groups of cultures. Staphylococcus epider-
midis biofilm formation in implanted material has been reviewed and demon-
strated in other studies [29] [30] in which the sonication importance is demon-
strated by the fact that 99% of the bacteria resides and remains in the implanted 
device, cement or any other joint component as bone, tissue or synovial fluid 
[27], in which a conventional culture alone will not be able to detect the pathogen. 

Different from what has been reported, were Staphylococcus aureus is usually 
the second the most common isolated pathogen in Europe after coagulase nega-
tive staphylococci [31], our population showed that it was the third most com-
mon etiological agent followed by Propionibacterium acnes. It should be noted 
that differences between study groups might cause these variations in the culture 
results, as shown also in USA, in which profile, contrary than Europe, Staphylo-
coccus aureus is the most common isolated pathogen followed by coagulase 
negative staphylococci [31]. Something to be considered is that Propionibacte-
rium acnes is usually found in patients with persistent chronic pain and loosen-
ing of implants and rarely as an acute postoperative infection, this due to the fact 
that it is a low virulent organism [32] capable of forming biofilms in which so-
nication culture might be a useful tool for the PJI diagnosis. These were shown 
in our results in which this pathogen was mainly detected through sonication, 
and this method presented the highest pathogen detection percentage when all 
other cultures were negative for a microbiological result. 

Approximately 85% of PJI are caused by a single pathogen, while the rest by 
polymicrobial infections [33] [34], this accordingly to our results. However, it 
has been reported that multiple pathogen infections during PJI can be as high as 
almost 40% [35]. Our results showed that the highest polymicrobial detection 
percentage was found in the sonication culture with 14% of the cases. Among 
these, no co-pathogens were found more frequently than others, however, the 
most common isolated pathogen through sonication was Staphylococcus aureus 
which was found in 3 of the 7 cases. Interestingly, this culture method was not 
able to detect this pathogen as a single bacterium and was exclusively detected as a 
co-infective agent. Although little evidence is known about polymicrobial PJI in-
fections, several risk factors have been proposed such as the presence of drainage, 
soft tissue defect or wound dehiscence, patients over 65 years old [34], presence of 
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underlaying fractures and a closer time to the first implant surgery [33]. 
Since our results showed that sonication culture was best able to detect poly-

microbial PJI, we assessed to determine the existence of a clinical relevance of 
these findings. We found almost 4 times higher serum CRP levels in patients 
with polymicrobial infections. To our knowledge there is only one other study 
which found this association [36], however no possible implications where men-
tioned. CRP also known as C-reactive protein has been used as a nonspecific in-
fection/inflammation marker. But it relevance goes even beyond due to the fact that 
it plays an important role in activating the complement pathway, apoptosis, phago-
cytosis, nitric oxide release and the production of important pro-inflammatory cy-
tokines such as IL-6 and TNF-α [37]. Theoretically, the higher the threat the 
higher CRP levels, which, will help fight the infection through the inflammatory 
process. However, these serum concentrations might be also playing a role in a 
continuous inflammatory state which might keep the patients in a longer hospit-
al stay as shown in our results in which polymicrobial PJI patients had a longer 
hospitalization period of time. As far as we know this has not been yet associated 
with PJI inpatient stay, being this the first report, however, it has been previously 
associated in cardiac operations [38]. Further research is still needed for under-
standing the clinical impact of these findings. 

Based on our results, sonication culture is best able to detect pathogens during 
low grade PJI. Our data also showed that the closest conventional culture me-
thod for getting similar results is through intra-operative samples of synovial 
fluid or tissue, which had 79% of concordance with the sonication culture re-
sults. Sonication has been proposed to be used specially in patients with delayed 
implant failure or late infections, in which it presented a higher diagnostic value 
[39] probably due to the biofilm formation time window. However, it also has 
been recommended as a routine, cheap and useful test with high sensibility for 
microbiological diagnosis of PJI in all scenarios [40]. In cases in which hospitals or 
clinics lack its availability, periprosthetic tissue culture, even when it showed less 
sensibility than sonication, should be used. On other hand, our pre-operative mi-
crobiological results showed the lowest concordance percentage when compared 
to the sonication culture. These suggests of surgical and antimicrobial treatment of 
low grade PJI should not be based only in the pre-operative sample cultures. 

It should be considered that sonication results might have the risk of conta-
mination at any time while processing the samples. So, we decided to collect also 
the histological analysis of the periprosthetic membrane of the patients. As 
showed in our results, most of the patients were classified into a type II or infec-
tive category, in which the 69% were positive for a microorganism, confirming 
the diagnosis. However, a diagnostic dilemma remained in the rest 39%, which 
were classified into this category but had a negative culture finding. Multiple 
factors might be causing a negative culture with a leukocyte infiltrate. One poss-
ible explanation could be that maybe the pathogen was already eliminated by 
host’s immune response at the moment of sampling, were toxins and antigens 
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still drives a local inflammatory response [41] [42], or inadequate culture condi-
tions for uncommon pathogens. Our data supports what other study found [43], 
in which results recommends that when available microbiological and histologi-
cal findings must be interpreted in combination with the clinical presentation of 
the patient for a more accurate diagnosis. 

The use of antimicrobials in cement for prosthesis is still in discussion. Ce-
ment fixation was the most common used in our studied population and our re-
sults showed a trend for less positive microbiologic culture results in all preo-
perative, intraoperative and sonication culture samples when compared to ce-
mentless type. Besides there is evidence which states that there is no difference 
between the use of cement or cementless fixations for developing PJI [44] it has 
been reviewed that almost 90% of all cement fixations are made with an antibi-
otic loaded polymethylmethacrylate [5], being aminoglycosides and glycopep-
tides the most common ones [45]. This gives a theoretical prevention of PJI de-
spite the lack of high-level evidence which supports this practice. 

We assessed to determine which type of protheses had higher bacteria detec-
tion through sonication culture. Our results showed that total hip replacement 
arthroplasty had the highest pathogen detection percentage among total knee 
replacement arthroplasty and bicondylar surface knee arthroplasty. This is 
something to be consider for identifying optimal infection preventive measures 
depending on the patients characteristics, type of surgery and its complexity 
which have been associated with an increased risk of infection [46] [47]. 

As with most of research studies, our retrospective study design is subject to 
certain limitations. One possible limitation was the relatively small number of 
patients included in the research, as well as that the study was mainly focused on 
hip and knee arthroplasties. No molecular diagnosis of low grade PJI was made 
which would have been interesting to include for confirming a bacteria presence. 

6. Conclusion 

In summary, our study showed that sonication culture could help in the low 
grade PJI microbiological diagnosis presenting a higher pathogen detection per-
centage for monomicrobial and polymicrobial infections. With this method, we 
were able to detect that polymicrobial infections may impact on patient’s hospi-
talization days and CRP levels. The prosthesis design and cemented fixation 
techniques seem to have an influence on the sonication result. There is a high 
degree of agreement between the histopathological detection of infection in the 
classification according to Krenn and the detection of bacteria in sonication. 
Therefore, in addition to the microbiological parameters, histological and clini-
cal parameters must always be considered in order to achieve the most accurate 
diagnosis of PJI. 
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Supplementary  
Table S1. Microbiological findings in all patients. 

Pre-OP Sensible Intra-OP Sensible Sonication Sensible 

Propionibacterium acnes MS - - Propionibacterium acnes MS 

- - - - - - 

- - - - Propionibacterium acnes - 

- - - - - - 

Enterococcus faecalis MS Enterococcus faecalis Staphylococcus 
capitis Staphylococcuswarneri 

MS Enterococcus faecalis - 

- - Staphylococcus epidermidis 
Streptococcus sanguinis 

MS Streptococcus sanguinis MS 

 - - - - - 

Staphylococcus aureus MS Staphylococcus aureus MS Staphylococcus aureus 
Staphylococcus caprae 

MS 

Staphylococcus epidermidis MR - - Staphylococcus epidermidis MR 

Propionibacterium acnes MS - - - - 

- - - - - - 

- - Staphylococcus epidermidis MS - - 

- - - - - - 

- - - - Staphylococcus haemolyticus MS 

Staphylococcus epidermidis MS Staphylococcus epidermidis MR Staphylococcus epidermidis MR 

Propionibacterium acnes MS Propionibacterium acnes MS Propionibacterium acnes MS 

- - - - - - 

- - - - - - 

Staphylococcus epidermidis MR - - - - 

- - - - - - 

- - Staphylococcus epidermidis MR Staphylococcus epidermidis 
Staphylococcus haemolyticus 

MR 

Staphylococcus epidermidis 
Staphyloccucus caprae 

MR Staphylococcus epidermidis MR Staphylococcus epidermidis MR 

Staphylococcus epidermidis MR Staphylococcus epidermidis MR Staphylococcus epidermidis MR 

Pseudomonas aeruginosa, 
Klebsiella aerogenes 

MS Pseudomonas aeruginosa - - - 

- - - - - - 

Staphylococcus epidermidis MR Staphylococcus epidermidis MR Staphylococcus epidermidis 
Propionibacterium avidum 

- 

- - - - Propionibacterium acnes MS 

Staphylococcus epidermidis MS Staphylococcus epidermidis MS Staphylococcus epidermidis MS 

Staphylococcus capitis MR Staphylococcus capitis 
Propionibacterium acnes 

MR Staphylococcus capitis MR 

Staphylococcus aureus MS Staphylococcus aureus MS Staphylococcus aureus Bacillus cereus MS 
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Continued 

Enterococcus faecalis MS - - - - 

Streptococcus mitis MS Streptococcus mitis MS - - 

- - Staphylococcus epidermidis MR Staphylococcus epidermidis MR 

Pseudomonas aeruginosa TR Pseudomonas aeruginosa TR Pseudomonas 
aeruginosaStaphylococcus 
haemolyticus 

- 

- - - - - - 

- - - - - - 

- - Staphylococcus aureus MS Staphylococcus aureus, Streptococcus 
oralis 

MS 

Propionibacterium acnes MS Propionibacterium acnes MS Propionibacterium acnes MS 

- - - - - - 

Staphylococcus epidermidis - Staphylococcus epidermidis MS Staphylococcus epidermidis MS 

- - - - - - 

- - Staphylococcus epidermidis MR Staphylococcus epidermidis MR 

Propionibacterium acnes MS Actiomyces israelii MS Propionibacterium acnes, 
Actinomyces israelii 

MS 

- - - - Propionibacterium acnes MS 

- - - - Propionibacterium acnes MS 

- - Staphylococcus lugdunensis MS Staphylococcus lugdunensis MS 

- - Staphylococcus epidermidis MS Staphylococcus epidermidis MS 

- - Propionibacterium acnes MS Propionibacterium acnes MS 

- - Propionibacterium acnes MS Propionibacterium acnes MS 

- - - - - - 

- - Staphylococcus epidermidis MR Staphylococcus epidermidis MR 
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