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A B S T R A C T

Introduction: The role of low-pathogenic bacteria cultured from removed spinal implants is unclear and the ef-
ficacy of perioperative single-dose antibiotics against such bacteria remains underexplored.
Research question: This study aims to investigate whether pedicle screw loosening is associated with pathogens 
and if the choice of perioperative antibiotics can prevent these bacteria.
Methods: A retrospective analysis was conducted on 93 patients with implants removed between 01/01/2018 and 
03/31/2020. Patients with both loosened and non-loosened implants were included. The latter group was 
subdivided into cases where implants were exchanged due to adjacent segment degeneration (ASD) and those 
with elective implant removal after fracture healing. Bacterial cultures from removed implants were analyzed for 
resistance profiles against the prophylactic single-shot antibiotics administered during implantation. Patients 
with acute infection, spondylodiscitis, deep wound infection, empyema, and carbon/polyetheretherketone spinal 
implants were excluded.
Results: Bacterial isolates were detected in both loosened (41%) and non-loosened (27%) implants (p = 0.23). 
The most frequently cultivated bacteria were Cutibacterium acnes and Staphylococcus epidermidis. Sensitivity to the 
administered antibiotics was 75%. While Cutibacterium acnes was entirely sensitive, Staphylococcus epidermidis 
was completely resistant. Patients with loosened implants without bacteria had a significantly lower bone 
mineral density (BMD) than patients with implants removed due to ASD. However, patients with loosened im-
plants and positive bacterial cultures had comparable BMD to ASD patients.
Conclusions: The high rate of sensitive Cutibacterium acnes and resistant Staphylococcus epidermidis on removed 
spinal implants suggests a need to revisit current antimicrobial prophylaxis. Further research is required to 
determine the clinical significance of low-virulence bacteria, especially on non-loosened implants.

1. Introduction

Over the past decade, there has been growing interest in low- 
pathogenic bacteria such as Cutibacterium acnes and Staphylococcus epi-
dermidis, causing low-grade infections in orthopedic and spinal surgery 
(Dodson et al., 2010; Hahn et al., 2005; Leitner et al., 2018; Shiban et al., 
2020; Levy et al., 2008). Better diagnostic methods, such as prolonged 
cultivation and sonication, have led to more frequent detection of these 
infections (Schafer et al., 2008; Trampuz et al., 2007). Traditionally, 
Cutibacterium acnes and Staphylococcus epidermidis were considered skin 

commensal, predominantly found in sebaceous gland-rich areas like the 
nose, ears, glabella, neck and back (Grice et al., 2009). However, in 
recent years, these bacteria have been implicated in catheter-associated 
infections, periprosthetic joint infections (PJI), endocarditis and 
endophthalmitis (Cogen et al., 2008). Especially for Cutibacterium acnes, 
there is still an ongoing debate if its isolation from microbiological 
samples obtained during surgery results from iatrogenic translocation 
from the skin to the surgical field or if it genuinely resides in the deep 
tissue (Capoor et al., 2017; Levy et al., 2013).

Perioperative prophylactic antibiotics are administered just before 
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skin incision to reduce the risk of surgical site infections (Classen et al., 
1992). However, perioperative single-shot antibiotics’ ability to eradi-
cate low-virulent bacteria has yet to be thoroughly studied. Recent 
studies have shown that conventional topical antiseptics and perioper-
ative antibiotics could not effectively eliminate Cutibacterium acnes (Koh 
et al., 2016; Anagnostopoulos et al., 2018; Matsen et al., 2015; Pau-
zenberger et al., 2019). The underlying reasons for this are not well 
understood. A key virulence factor of Cutibacterium acnes and Staphylo-
coccus epidermidis is their ability to produce a biofilm (Bruggemann 
et al., 2004; Buttner et al., 2015), which makes them less susceptible to 
standard antibiotics (Ramage et al., 2003). Additionally, it has been 
shown that patients undergoing revision total hip arthroplasty have skin 
bacteria significantly more resistant to standard perioperative antibi-
otics than patients undergoing primary surgery (Muhlhofer et al., 2017).

Osteoporosis and low bone mineral density (BMD) are well-known 
risk factors for pedicle screw loosening (Weiser et al., 2017; Schomig 
et al., 2023; Marie-Hardy et al., 2020) as the axial pull-out force of 
pedicle screws is considerably lower compared to normal spines 
(Halvorson et al., 1994). To what extent low-grade infection may be 
responsible for pedicle screw loosening is still a matter of debate.

This study aims to investigate two main aspects. First, it will examine 
the association between pedicle screw loosening and pathogens. Second, 
it will assess whether the choice of perioperative antibiotic during im-
plantation is effective against these bacteria at all. Therefore, the rate of 
positive bacterial cultures from removed spinal implants and the sensi-
tivity profile of these bacteria to the prophylactic antibiotics adminis-
tered during the initial implantation (index operation) were studied. 
Patients with loosened and non-loosened spinal implants were enrolled 
to evaluate the role of bacteria in implant loosening. To assess the 
impact of bone quality on pedicle screw loosening, BMD was calculated 
based on the available CT images.

2. Methods

2.1. Study design

We conducted a retrospective analysis of the neurosurgical depart-
ment of a tertiary care university hospital. Patients who underwent 
removal or exchange of posterior instrumentation between January 1st, 
2018, and March 31st, 2020, were included. Patients were divided into 
two groups: those who had implant removal due to pedicle screw loos-
ening and those without loosening. The latter group was subdivided into 
cases where implants were exchanged due to adjacent segment degen-
eration (ASD) and those with elective implant removal after fracture 
healing. Loosened implants were removed when patients became 
symptomatic with pain associated with the loosened implants. The 
presence of a low-grade infection was expected in most (37) of these 
cases, while a purely mechanical failure was anticipated in 11 cases. 
Patients with ASD underwent surgery when they presented with 
appropriate clinical symptoms and corresponding MRI findings and 
when CT ruled out implant loosening. Elective implant removal after 
fracture healing was performed when follow-up CT imaging demon-
strated sufficient fracture consolidation, usually after at least 12 months. 
In patients with ASD and healed fractures, a low-grade infection was not 
initially expected.

During implant removal, swabs were taken, and sonication was 
performed on the removed implants. Results were validated after 14 
days. Patients with acute infection, spondylodiscitis, deep wound 
infection, empyema, and carbon-fiber-reinforced polyetheretherketone 
(CFR PEEK) stabilization were excluded.

The administered prophylactic antibiotics were collected and 
analyzed during the index implant operation, as well as the type of 
bacteria cultivated from swabs, biopsies, and sonication of removed 
implants along with their respective antibiotic resistance profiles. The 
sonication process was introduced according to the publication by 
Trampuz et al. (2007). Details of microbiological work-up and 

sonication procedure have recently been described (Shiban et al., 2020). 
An adapted version of the criteria published by Renz et al. (2017) was 
used to interpret the microbiological results.

The detection of bacteria was considered significant based on the 
following criteria: (1) for high-pathogenic bacteria (e.g. Staphylococcus 
aureus, Escherichia coli): at least one positive sample; (2) for low- 
pathogenic bacteria (e.g. Cutibacterium acnes, Staphylococcus epi-
dermidis): more than 50 colony forming units (CFU) per milliliter (ml) 
cultivated in at least one sample or less than 50 CFU/ml cultivated in at 
least two samples or less than 50 CFU/ml cultivated in one sample and 
histopathologic analysis confirming infection. The cut-off of 50 CFU/ml 
was determined based on the landmark paper by Trampuz et al. (2007). 
In all other cases, the isolation was classified as contamination and 
excluded from our analysis.

All patients received a perioperative single-shot antibiotic prophy-
laxis. This was usually administered 30 min before the incision and 
repeated after 4 h if the surgery lasted that long. In cases where a low- 
grade infection was suspected, the perioperative antibiotic prophylaxis 
was withheld until microbiological samples were collected. These cases 
also received a 14-day postoperative intravenous antibiotic therapy. 
This was initially started on an empirical basis and subsequently de- 
escalated according to the antibiogram upon identification of a path-
ogen. If a pathogen was detected, the antibiotic therapy was continued 
with a 10-week oral regimen. In patients without pathogen detection 
after the 14-day cultivation period, no 10-week oral antibiotic therapy 
was administered. Patients with ASD and elective material removal 
received only the perioperative single-shot antibiotic prophylaxis. No 
further antibiotic therapy was given thereafter unless significant path-
ogen detection occurred in the intraoperative samples. In the case of a 
positive pathogen detection in patients with ASD, a 2-week intravenous 
antibiotic therapy was also initially administered, followed by a 10- 
week oral regimen. In patients with elective material removal and a 
positive low-grade pathogen detection, no further antibiotic therapy was 
provided, as all foreign material was explanted.

2.2. Measurement of bone mineral density

Volumetric bone mineral density (BMD) was measured using routine 
CT imaging data, including the thoracolumbar spine. BMD was 
measured using SpineQ software v1.0 (Bonescreen, Munich, Germany) 
as previously described (Loffler et al., 2021; Ruhling et al., 2022). 
Briefly, the SpineQ software was used for automated spine processing, 
allowing for the separate characterization of trabecular and cortical 
vertebral compartments. Vertebrae with the following criteria were 
excluded from subsequent BMD measurements: (1) presence of any 
fracture, including those of malignant, traumatic, or osteoporotic origin, 
(2) severe degenerative changes such as sclerotic alterations of the 
endplates, (4) vertebrae with hardware. Volumetric BMD (expressed in 
mg/cm3) was extracted from the trabecular region in measurable 
vertebrae. All CT scanners were calibrated using asynchronous phantom 
measurements with a European Spine Phantom (ESP)(Sollmann et al., 
2022). BMD values were averaged over measurable lumbar vertebrae 
L1–L3 (Taco, 2023). If none of these vertebral levels could be assessed 
because of the exclusion criteria mentioned above, BMD values were 
averaged over available vertebrae within Th12–L5.

2.3. Ethical agreement

The study was approved by the ethical committee of our University 
Hospital (reference number 318/20S) and conducted in accordance with 
the Declaration of Helsinki. Due to its retrospective nature, patient 
consent was not required and was waived by the local ethics committee.

2.4. Declaration on the use of AI

While preparing this work, the authors used ChatGPT3.5 (OpenAI, 
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San Francisco, California, USA) and Grammarly (Grammarly, Inc., San 
Francisco, California, USA) to check spelling, grammar, and style. After 
using this service, the authors reviewed and edited the content as needed 
and take full responsibility for the publication’s content.

2.5. Statistical analysis

A student’s t-test was used to compare the BMD between patients 
with and without loosened implants. To compare the BMD of the four 
groups (ASD, elective removal, pedicle screw loosening + bacteria, 
pedicle screw loosening - bacteria) Kruskal-Wallis test was used. Fisher’s 
exact test was used to compare the rates of positive bacterial cultures 
and re-revision rates. P < 0.05 was regarded as statistically significant. 
Statistical calculation was performed by GraphPad Prism Version 10.2.3 
(GraphPad Software, La Jolla, California, USA).

3. Results

3.1. Population

A total of 93 patients with removed spinal implants were included in 
the study (Fig. 1). To investigate the role of bacteria in pedicle screw 
loosening, patients with loosened implants were compared to those 
without implant loosening. In 48 cases, implants were removed for 
pedicle screw loosening shown by CT imaging. The initial indications of 
posterior instrumentation for these patients were primarily degenerative 
reasons (37 cases), followed by trauma (10) and pathological (meta-
static) fracture (1). These patients were compared to 45 cases with im-
plants removed for reasons other than pedicle screw loosening (Fig. 1). 
These cases were subdivided into 29 cases with adjacent segment 
degeneration (ASD) and 16 cases with elective implant removal after 
fracture healing. The initial indications of posterior instrumentation for 
patients with ASD were degenerative spine disease in 27 cases and 
trauma in two cases.

3.2. Bone mineral density

BMD measurement was available for 76 out of 94 (81%) patients. 
Mean BMD of patients without pedicle screw loosening (136±53 mg/ 
cm3) was significantly higher compared to patients with loosened im-
plants (95±32 mg/cm3) (p = 0.0001) (Fig. 2A).

Comparing patients with ASD and elective implant removal, mean 
BMD of patients with elective implant removal (178±58 mg/cm3) was 
significantly higher than mean BMD of patients with ASD (118±40 mg/ 
cm3) (p = 0.0427) (Fig. 2B). Mean BMD of patients with ASD (118±40 

mg/cm3) was significantly higher than mean BMD of patients with 
pedicle screw loosening without positive bacterial cultures (84±25 mg/ 
cm3) (p = 0.0164), while there was no significant difference between 
mean BMD of patients with ASD and patients with pedicle screw loos-
ening and positive bacterial cultures (114±36 mg/cm3) (p > 0.9999).

3.3. Microbiology

To assess whether pedicle screw loosening is associated with bacte-
rial presence, swabs and samples from the screw channels as well as the 
sonication fluid of the removed implants were analyzed for bacteria and 
compared between patients with and without screw loosening. Detec-
tion of bacteria was regarded as significant according to the criteria 
mentioned above. Cases in which neither sonication nor swabs were 
performed were excluded. Among cases with implant loosening, 

Fig. 1. Overview of different indications for implant removal. Created with 
Biorender. 
ASD = adjacent segment degeneration.

Fig. 2A. Bone mineral density measurement of patients with removed spinal 
implants comparing loosened and non-loosened implants. Student’s t-test was 
used. P = 0.0001. 
BMD = bone mineral density.

Fig. 2B. Bone mineral density measurement of patients with removed spinal 
implants comparing patients with adjacent segment degeneration, with healed 
fractures and with pedicle screw loosening. Kruskal-Wallis test was used. * ASD 
vs. healed fracture: p = 0.0427; * ASD vs. loosend – bacteria: p = 0.0164; **** 
healed fracture vs. loosened: p < 0.0001. 
BMD = bone mineral density, ASD = adjacent segment degeneration.
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bacteria were cultured in 41% (29 out of 46) of patients, compared to 
27% (8 out of 30) of patients without loosening (p = 0.23) (Table 1). 
Further subdivision of cases without loosening into those with implant 
removal due to ASD and those with elective implant removal after 
fracture healing revealed positive bacterial cultures in 29% (6 out of 21) 
and 22% (2 out of 9) of cases, respectively (p > 0.99) (Table 1). The most 
frequently isolated bacterium in patients with implant loosening was 
Cutibacterium acnes, followed by Staphylococcus epidermidis (Table 2); in 
patients without implant loosening, only Cutibacterium acnes was found 
(Table 2).

Of the 48 patients with implant loosening, 37 (77%) received post-
operative antibiotics. Those who did not were regarded as having clear 
mechanical failure, and cultures were negative. In contrast, none of the 
16 patients who underwent elective implant removal following fracture 
healing, and only 8 of the 29 patients (28%) with ASD, received post-
operative antibiotics.

To examine whether the perioperative antibiotics administered 
during implantation were effective against the identified bacteria and 
could have prevented them, the bacteria’s resistance profile was 
compared with the administered perioperative antibiotics. Prophylactic 
perioperative antibiotics of the index operation were 1st or 2nd gener-
ation cephalosporins (cefazolin and cefuroxime) or clindamycin in case 
of allergy (two cases). In six cases with significant bacterial cultures, the 
specific perioperative antibiotics used were unknown. Overall, sensi-
tivity to the perioperative antibiotics of all bacteria cultured from 
removed spinal implants was 75% (18 out of 24) and resistance 25% (6 
out of 24) (Table 3). While Cutibacterium acnes was found to be entirely 
sensitive to the applied antibiotics, Staphylococcus epidermidis showed 
complete resistance. For all resistant cases, alternative antibiotics exis-
ted, e.g., vancomycin or linezolid.

3.4. Re-revision rates and microbiology

Ultimately, the clinical significance and an optimal treatment strat-
egy for detecting low-grade bacteria on non-loosened implants remain a 
question of debate. To explore this further, we conducted a follow-up 
analysis of patients with removed implants and re-instrumentation 
due to ASD and examined them for additional revision due to pedicle 
screw loosening. Of the 29 patients with ASD, 22 had a minimum follow- 
up of eight weeks and were included in this analysis. Among the six cases 
where significant bacterial cultures were obtained from implants during 
the first revision, three patients (50%) required additional revision due 
to pedicle screw loosening. This was compared to two out of 16 patients 
(13%) without initial detection of bacteria (p = 0.10) (Fig. 3). In the 
three cases with additional revision and initially positive bacterial cul-
tures, one patient received twelve weeks of antibiotic treatment after the 
first revision. Comparatively, in the three cases with positive bacterial 
cultures but no additional revision, two patients received antibiotic 
treatment following the first revision (p > 0.99). Microbiological 

cultivation of cases with additional revision and initially positive cul-
tures found Cutibacterium acnes and Staphylococcus epidermidis (both 
sensitive to the perioperative prophylactic antibiotics of the first revi-
sion) in one case during additional revision, Cutibacterium acnes (sensi-
tive) and Staphylococcus epidermidis (resistant) in the second case and 
Staphylococcus epidermidis, Bacillus cereus and Dermabacter hominis (all 
three not tested for sensitivity/resistance) in the third case (Table 4). In 
the two cases without positive bacterial cultures from the first revision, 
the additional revision revealed Cutibacterium acnes (sensitive) in one 
case. In contrast, bacterial cultures remained negative in the second case 
(Table 4).

4. Discussion

In this retrospective analysis of a consecutive series of patients un-
dergoing spinal implant removal of loosened and non-loosened im-
plants, we analyzed if pedicle screw loosening was associated with 
pathogens and if the choice of perioperative antibiotic can prevent these 

Table 1 
Significant positive bacterial cultures by swabs and sonication from removed 
spinal implants.

Screw 
loosening (n =
48)

Non-loosened 
(n = 45)

ASD (n 
= 29)

Healed 
fracture (n =
16)

Cultivation 
performed

46 30 21 9

Positive 
cultivation

19 (41%) 8 (27%) 6 (29%) 2 (22%)

Negative 
cultivation

27 (59%) 22 (73%) 15 
(71%)

7 (78%)

Loosened vs. non-loosened: 41% vs. 27%, p = 0.23. Non-loosened cases were 
further divided into ASD and healed fractures (29% vs 22%, p > 0.99). In 17 
cases no bacterial cultivation was performed. These cases were excluded from 
the analysis.

Table 2 
Bacterial species isolated from intraoperative samples and sonication of 
removed spinal implants.

Bacterial species 
n (%)

Screw loosening (n = 22) Non-loosened (n = 10)

Cutibact. acnes 10 (45.5%) 8 (100%)
Staph. epidermidis 6 (27.3%) 0
Staph. lugdunensis 2 (9.1%) 0
Cutibact. granulosum 1 (4.5%) 0
Staph. capitis 1 (4.5%) 0
Parvimonas micra 1 (4.5%) 0
E. coli 1 (4.5%) 0

Cutibact. = Cutibacterium, Staph. = Staphylococcus, E. = Escherichia.

Table 3 
Sensitivity/Resistance rates of bacteria to prophylactic perioperative an-
tibiotics of the index operation.

All patients (n = 93)

All bacteria 30
Sensitive 18 (75%)
Resistant 6 (25%)
n/a 6
Cutibacterium acnes 18
Sensitive 15 (100%)
Resistant 0
n/a 3
Staph. epidermidis 6
Sensitive 0
Resistant 5 (100%)
n/a 1
Staph. capitis 1
Sensitive 0
Resistant 1 (100%)
n/a 0
Staph. lugdunensis 2
Sensitive 1 (100%)
Resistant 0
n/a 1
Cutibacterium granulosum 1
Sensitive 1 (100%)
Resistant 0
n/a 0
Parvimonas micra 1
Sensitive 1 (100%)
Resistant 0
n/a 0
E.coli 1
Sensitive 0
Resistant 0
n/a 1

Staph. = Staphylococcus, E. = Escherichia.
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bacteria during implantation.

4.1. High rates of positive cultures of non-loosened spinal implants

Low-pathogenic bacteria were not only detected with a high fre-
quency in cases with screw loosening (41%) and assumed low-grade 
infection but also in cases with non-loosened implants (27%). Given 
the stringent criteria used to define significant bacterial isolation, the 
possibility of sample contamination can be ruled out. Recent studies 
demonstrated that bacteria, mostly low-pathogenic bacteria, were 
detected in 10–40% of samples (sonication of removed implants and 
swabs of surrounding tissue) taken from re-operated spine patients due 
to degenerative reasons (presumed aseptic cases) (Shiban et al., 2020; 
Shifflett et al., 2016; Burkhard et al., 2021). These findings suggest that 
the significance of detecting low-grade bacteria on spinal implants re-
mains unresolved. While they appear to be more frequently found on 
loosened spinal implants, their presence on non-loosened implants raises 
questions about their pathological significance. This remains a critical 
question for future research. In our follow-up analysis, there was a trend 
for a more frequent additional revision due to screw loosening in 
initially culture-positive cases with ASD (i.e., non-loosened 

pedicle-screws) compared to the rate of initially culture-negative cases 
with ASD. However, this trend was not statistically significant. A recent 
study found the same rates of additional revision due to pedicle screw 
loosening when comparing initially culture-negative and 
culture-positive cases with all culture-positive cases treated antibioti-
cally for three months (Burkhard et al., 2022). In our study, the addi-
tional revision rate for pedicle screw loosening of initially 
culture-positive patients with ASD did not differ significantly 
regarding whether patients received antibiotics after the first revision or 
not. However, this could also be due to the small number of cases. A 
valid statement on this requires further prospective studies with larger 
sample sizes.

4.2. The role of bone mineral density

BMD of patients without pedicle screw loosening was significantly 
higher compared to that of patients with loosened implants suggesting 
that low BMD may be the decisive factor for implant loosening. How-
ever, when comparing subgroups of patients without implant loosening, 
those with elective implant removal due to consolidated fractures had 
significantly better BMD than those with ASD. This is logical because 
implant removal in these patients only occurs when good bone quality is 
present, leading to fracture healing. Therefore, a selection bias favors 
better BMD in patients with non-loosened implants. When comparing 
only patients with ASD to those with loosened implants, a significantly 
better BMD was observed in patients with ASD compared to those with 
loosened screws and no pathogen detection, while BMD of patients with 
loosened screws and positive cultures was comparable to BMD of pa-
tients with ASD. This suggests that in patients with loosened pedicle 
screws without pathogen detection, reduced BMD is responsible for the 
screw loosening, whereas, in patients with loosened screws and positive 
bacterial cultures, BMD does not play a role. In these cases, the bacteria 
may actually be the decisive factor for the screw loosening. However, 
larger, prospective and randomized studies are necessary to better un-
derstand these dynamics and to quantify the influence of both BMD and 
bacterial presence on screw loosening.

4.3. High rates of Cutibacterium acnes despite sensitivity

The most frequently cultivated bacterium from the removed im-
plants was Cutibacterium acnes, followed by Staphylococcus epidermidis, 
consistent with current literature (Leitner et al., 2018; Schafer et al., 
2008; Trampuz et al., 2007; Burger et al., 2019).

While Cutibacterium acnes was entirely sensitive to the applied pro-
phylactic antibiotics during implantation, we found complete resistance 
for Staphylococcus epidermidis. Despite a 100% sensitivity rate for Cuti-
bacterium acnes to the prophylactic antibiotics administered during im-
plantation, it was still found at high rates on removed implants. Our 
study cannot fully explain the reasons for this finding or the origin of this 
bacteria. An explanation could be that these bacteria are already in the 
deep tissue. Another hypothesis is that they were translocated from the 
skin into the depth during the first operation or revision surgery. Several 
widely discussed studies found Cutibacterium acnes in up to 44% of spinal 
disc tissue of patients undergoing first-time microdiscectomy (Capoor 
et al., 2017; Albert et al., 2013; Agarwal et al., 2011; Stirling et al., 2001) 
supporting the theory of deep tissue presence. However, a perioperative 
translocation from the skin into the deep cannot be definitively ruled out 
in these studies. McLorinan et al. (2005) examined samples of the skin 
and deep tissue of spinal surgery patients with immunofluorescence 
microscopy. They found identical phenotypes of Cutibacterium acnes in 
the deep tissue as on patients’ skin, supporting the theory that these 
bacteria originate from the patient’s skin.

Especially for coagulase-negative Staphylococcus species, previous 
research has shown that patients undergoing revision hip arthroplasty 
exhibited significantly more resistant strains on their skin than those 
undergoing primary surgery (Muhlhofer et al., 2017). The exclusive 

Fig. 3. Long-term follow-up of patients with non-loosened implants removed 
and re-instrumented for adjacent segment degeneration. Created with Bio-
render. ASD = adjacent segment degeneration, FU = follow-up, LOF = lost to 
follow-up.

Table 4 
Bacterial species were detected during the first and second revision of 
cases with ASD and sensitivity to prophylactic antibiotics of index opera-
tion (op) and first revision, respectively.

Bacterium 1st 
revision

Sensitive to abx of 
index op?

Bacterium 2nd 
revision

Sensitive to abx of 
1st revision?

Cutibact. acnes yes Cutibact. acnes yes
Staph. 
epidermidis

yes

Cutibact. acnes yes Cutibact. acnes yes
Staph. 
epidermidis

no

Cutibact. acnes yes Staph. 
epidermidis

not tested

Bacillus cereus not tested
Dermabacter 
hominis

not tested

sterile n/a Cutibact. acnes yes
sterile n/a sterile n/a

Cutibact. = Cutibacterium, Staph. = Staphylococcus, abx = antibiotics.
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detection of resistant Staphylococcus epidermidis species during revision 
surgery in our study suggests that these bacteria were translocated from 
the patient’s skin to the deep tissue during the revision surgery.

4.4. The role of a dual antimicrobial prophylaxis

A high rate of Cutibacterium acnes, although sensitive, as well as a 
high rate of resistant Staphylococcus epidermidis, detected on the im-
plants and presumably reaching there through translocation from the 
skin, should prompt us to revisit the current antimicrobial prophylaxis. 
Dual antibiotic prophylaxis has been widely discussed in the orthopedic 
field. For instance, no advantage was found in reducing acute surgical 
site infections after elective hip and knee arthroplasty when comparing a 
combination of vancomycin and cefazolin to cefazolin alon (Ponce et al., 
2014; Sewick et al., 2012). However, in revision total knee arthroplasty, 
adding vancomycin to cefazolin significantly reduced the rate of peri-
prosthetic joint infections (Liu et al., 2014).

Based on these results from orthopedics, dual antimicrobial pro-
phylaxis supplemented with vancomycin could reduce the rate of bac-
teria cultivated from removed spinal implants. However, until the 
significance of detecting low-grade bacteria on non-loosened implants is 
clarified, no definitive recommendations can be made.

4.5. Limitations

A limitation of our study is its retrospective and non-randomized 
controlled design. Especially the time to re-operation, patients’ age, 
and medical history differed substantially. Moreover, the impact of an-
tibiotics taken for other reasons between the index operation and 
implant removal operation could not be accounted for. Additionally, the 
number of patients undergoing additional revision after revision for ASD 
was small and treatment regime of initially culture positive patients 
differed from case to case. A large-scale prospective randomized study is 
needed to determine the optimal treatment approach.

Finally, our study cannot explain why Cutibacterium acnes was iso-
lated at such a high rate despite being entirely sensitive to the admin-
istered antibiotics. The clinical significance of low-grade bacteria found 
on non-loosened implants remains uncertain and further research is 
required to address this issue.

4.6. Strengths

To our knowledge, this is the first study to analyze a large consecu-
tive series of patients with the removal of spinal implants performed at a 
single high-volume center using a standardized microbiological analysis 
and sonication.

5. Conclusion

This study has four key results. (1) Low-pathogenic bacteria were 
found not only on loosened implants but also in a significant number on 
non-loosened ones. (2) Cutibacterium acnes and Staphylococcus epi-
dermidis were the most frequently detected bacteria. (3) While Cuti-
bacterium acnes was entirely sensitive to the applied perioperative 
prophylactic antibiotics, Staphylococcus epidermidis was utterly resistant. 
(4) Not only a low BMD but also the detection of bacteria is associated 
with screw loosening.

Further prospective studies are warranted to clarify the significance 
of positive bacterial cultures on non-loosened spinal implants and to find 
the optimal antimicrobial prophylaxis strategy.

Author contributions

Conceptualization: SMK and AKJ; formal analysis: AKJ, VMB, SR, 
JSK and SF; investigation: AKJ and VMB; data curation: SMK, AKJ and 
VMB; writing—original draft preparation: AKJ and VMB; writing— 

review and editing: AKJ, VMB, SMK, SF, SR, JSK and BM; visualization: 
AKJ, SR; supervision: BM and SMK. All authors have read and agreed to 
the published version of the manuscript.

Data availability statement

The datasets generated during and/or analyzed during the current 
study are available from the corresponding author upon reasonable 
request.

Funding

No financial support was received for or in connection to this work.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 
Susann Feihl reports a relationship with Smith and Nephew that in-
cludes: consulting or advisory and non-financial support. Susanne Feihl 
reports a relationship with Curetis that includes: consulting or advisory 
and non-financial support. Susanne Feihl reports a relationship with 
Zimmer Biomet that includes: consulting or advisory and non-financial 
support. Susanne Feihl reports a relationship with Medical Laboratory 
Dr Limbach and Colleagues that includes: consulting or advisory and 
non-financial support. Ssuanne Feihl reports a relationship with MSD 
that includes: consulting or advisory and non-financial support. Bern-
hard Meyer, Sandro Krieg, Vicki Butenschoen reports a relationship with 
Brainlab AG that includes: consulting or advisory and funding grants. 
Bernhard Meyer reports a relationship with Spineart Germany that in-
cludes: consulting or advisory. Bernhard Meyer reports a relationship 
with DePuy Synthes that includes: consulting or advisory. Bernhard 
Meyer reports a relationship with Ulrich Medical that includes: consul-
ting or advisory and funding grants. Bernhard Meyer reports a rela-
tionship with Medacta International SA that includes: consulting or 
advisory. Bernhard Meyer reports a relationship with Carl Zeiss Meditec 
Inc that includes: consulting or advisory and funding grants. Bernhard 
Meyer reports a relationship with Medtronic that includes: consulting or 
advisory and funding grants. Bernhard Meyer reports a relationship with 
icotec ag that includes: consulting or advisory and funding grants. 
Bernhard Meyer reports a relationship with Sonovum that includes: 
equity or stocks and funding grants. Sandro Krieg reports a relationship 
with Ulrich Medical that includes: consulting or advisory. Sandro Krieg 
reports a relationship with Nexstim that includes: travel reimbursement. 
Sebastian Ruehling, Jan Kirschke reports a relationship with European 
Research Council that includes: funding grants. Jan Kirschke reports a 
relationship with German Research Foundation that includes: funding 
grants. Jan Kirschke reports a relationship with Novartis that includes: 
speaking and lecture fees. Jan Kirschke, Sebastian Ruehling reports a 
relationship with Bonescreen GmbH that includes: equity or stocks. If 
there are other authors, they declare that they have no known 
competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.

References

Agarwal, V., Golish, S.R., Alamin, T.F., 2011. Bacteriologic culture of excised 
intervertebral disc from immunocompetent patients undergoing single level primary 
lumbar microdiscectomy. J. Spinal Disord. Tech. 24 (6), 397–400. https://doi.org/ 
10.1097/BSD.0b013e3182019f3a.

Albert, H.B., Lambert, P., Rollason, J., et al., 2013. Does nuclear tissue infected with 
bacteria following disc herniations lead to Modic changes in the adjacent vertebrae? 
Eur. Spine J. 22 (4), 690–696. https://doi.org/10.1007/s00586-013-2674-z.

Anagnostopoulos, A., Bossard, D.A., Ledergerber, B., et al., 2018. Perioperative antibiotic 
prophylaxis has No effect on time to positivity and proportion of positive samples: a 
cohort study of 64 Cutibacterium acnes bone and joint infections. J. Clin. Microbiol. 
56 (2). https://doi.org/10.1128/JCM.01576-17.

A.-K. Joerger et al.                                                                                                                                                                                                                             Brain and Spine 5 (2025) 104152 

6 

https://doi.org/10.1097/BSD.0b013e3182019f3a
https://doi.org/10.1097/BSD.0b013e3182019f3a
https://doi.org/10.1007/s00586-013-2674-z
https://doi.org/10.1128/JCM.01576-17


Bruggemann, H., Henne, A., Hoster, F., et al., 2004. The complete genome sequence of 
Propionibacterium acnes, a commensal of human skin. Science 305 (5684), 
671–673. https://doi.org/10.1126/science.1100330.

Burger, J., Akgun, D., Strube, P., Putzier, M., Pumberger, M., 2019. Sonication of 
removed implants improves microbiological diagnosis of postoperative spinal 
infections. Eur. Spine J. 28 (4), 768–774. https://doi.org/10.1007/s00586-019- 
05881-x.

Burkhard, M.D., Loretz, R., Uckay, I., Bauer, D.E., Betz, M., Farshad, M., 2021. Occult 
infection in pseudarthrosis revision after spinal fusion. Spine J. 21 (3), 370–376. 
https://doi.org/10.1016/j.spinee.2020.10.015.

Burkhard, M.D., Hassanzadeh, A., Andronic, O., Gotschi, T., Uckay, I., Farshad, M., 2022. 
Clinical relevance of occult infections in spinal pseudarthrosis revision. N. Am. Spine 
Soc. J. 12, 100172. https://doi.org/10.1016/j.xnsj.2022.100172.

Buttner, H., Mack, D., Rohde, H., 2015. Structural basis of Staphylococcus epidermidis 
biofilm formation: mechanisms and molecular interactions. Front. Cell. Infect. 
Microbiol. 5, 14. https://doi.org/10.3389/fcimb.2015.00014.

Capoor, M.N., Ruzicka, F., Schmitz, J.E., et al., 2017. Propionibacterium acnes biofilm is 
present in intervertebral discs of patients undergoing microdiscectomy. PLoS One 12 
(4), e0174518. https://doi.org/10.1371/journal.pone.0174518.

Classen, D.C., Evans, R.S., Pestotnik, S.L., Horn, S.D., Menlove, R.L., Burke, J.P., 1992. 
The timing of prophylactic administration of antibiotics and the risk of surgical- 
wound infection. N. Engl. J. Med. 326 (5), 281–286. https://doi.org/10.1056/ 
NEJM199201303260501.

Cogen, A.L., Nizet, V., Gallo, R.L., 2008. Skin microbiota: a source of disease or defence? 
Br. J. Dermatol. 158 (3), 442–455. https://doi.org/10.1111/j.1365- 
2133.2008.08437.x.

Dodson, C.C., Craig, E.V., Cordasco, F.A., et al., 2010. Propionibacterium acnes infection 
after shoulder arthroplasty: a diagnostic challenge. J. Shoulder Elbow Surg. 19 (2), 
303–307. https://doi.org/10.1016/j.jse.2009.07.065.

Grice, E.A., Kong, H.H., Conlan, S., et al., 2009. Topographical and temporal diversity of 
the human skin microbiome. Science 324 (5931), 1190–1192. https://doi.org/ 
10.1126/science.1171700.

Hahn, F., Zbinden, R., Min, K., 2005. Late implant infections caused by 
Propionibacterium acnes in scoliosis surgery. Eur. Spine J. 14 (8), 783–788. https:// 
doi.org/10.1007/s00586-004-0854-6.

Halvorson, T.L., Kelley, L.A., Thomas, K.A., Whitecloud 3rd, T.S., Cook, S.D., 1994. 
Effects of bone mineral density on pedicle screw fixation. Spine 19 (21), 2415–2420. 
https://doi.org/10.1097/00007632-199411000-00008.

Koh, C.K., Marsh, J.P., Drinkovic, D., Walker, C.G., Poon, P.C., 2016. Propionibacterium 
acnes in primary shoulder arthroplasty: rates of colonization, patient risk factors, 
and efficacy of perioperative prophylaxis. J. Shoulder Elbow Surg. 25 (5), 846–852. 
https://doi.org/10.1016/j.jse.2015.09.033.

Leitner, L., Malaj, I., Sadoghi, P., et al., 2018. Pedicle screw loosening is correlated to 
chronic subclinical deep implant infection: a retrospective database analysis. Eur. 
Spine J. 27 (10), 2529–2535. https://doi.org/10.1007/s00586-018-5592-2.

Levy, P.Y., Fenollar, F., Stein, A., et al., 2008. Propionibacterium acnes postoperative 
shoulder arthritis: an emerging clinical entity. Clin. Infect. Dis. 46 (12), 1884–1886. 
https://doi.org/10.1086/588477.

Levy, O., Iyer, S., Atoun, E., et al., 2013. Propionibacterium acnes: an underestimated 
etiology in the pathogenesis of osteoarthritis? J. Shoulder Elbow Surg. 22 (4), 
505–511. https://doi.org/10.1016/j.jse.2012.07.007.

Liu, C., Kakis, A., Nichols, A., Ries, M.D., Vail, T.P., Bozic, K.J., 2014. Targeted use of 
vancomycin as perioperative prophylaxis reduces periprosthetic joint infection in 
revision TKA. Clin. Orthop. Relat. Res. 472 (1), 227–231. https://doi.org/10.1007/ 
s11999-013-3029-0.

Loffler, M.T., Jacob, A., Scharr, A., et al., 2021. Automatic opportunistic osteoporosis 
screening in routine CT: improved prediction of patients with prevalent vertebral 
fractures compared to DXA. Eur. Radiol. https://doi.org/10.1007/s00330-020- 
07655-2.

Marie-Hardy, L., Pascal-Moussellard, H., Barnaba, A., Bonaccorsi, R., Scemama, C., 2020. 
Screw loosening in posterior spine fusion: prevalence and risk factors. Global Spine 
J. 10 (5), 598–602. https://doi.org/10.1177/2192568219864341.

Matsen 3rd, F.A., Russ, S.M., Bertelsen, A., Butler-Wu, S., Pottinger, P.S., 2015. 
Propionibacterium can be isolated from deep cultures obtained at primary 
arthroplasty despite intravenous antimicrobial prophylaxis. J. Shoulder Elbow Surg. 
24 (6), 844–847. https://doi.org/10.1016/j.jse.2014.10.016.

McLorinan, G.C., Glenn, J.V., McMullan, M.G., Patrick, S., 2005. Propionibacterium 
acnes wound contamination at the time of spinal surgery. Clin. Orthop. Relat. Res. 
437, 67–73. https://doi.org/10.1097/00003086-200508000-00012.

Muhlhofer, H.M.L., Deiss, L., Mayer-Kuckuk, P., et al., 2017. Increased resistance of skin 
flora to antimicrobial prophylaxis in patients undergoing hip revision arthroplasty. 
In Vivo 31 (4), 673–676. https://doi.org/10.21873/invivo.11111.

Pauzenberger, L., Heller, V., Ostermann, R.C., Laky, B., Heuberer, P.R., Anderl, W., 2019. 
Cutibacterium acnes (formerly propionibacterium acnes) contamination of the 
surgical field during shoulder arthroscopy. Arthroscopy 35 (6), 1750–1757. https:// 
doi.org/10.1016/j.arthro.2019.01.024.

Ponce, B., Raines, B.T., Reed, R.D., Vick, C., Richman, J., Hawn, M., 2014. Surgical site 
infection after arthroplasty: comparative effectiveness of prophylactic antibiotics: do 
surgical care improvement project guidelines need to Be updated? J. Bone Joint 
Surg. Am. 96 (12), 970–977. https://doi.org/10.2106/JBJS.M.00663.

Ramage, G., Tunney, M.M., Patrick, S., Gorman, S.P., Nixon, J.R., 2003. Formation of 
Propionibacterium acnes biofilms on orthopaedic biomaterials and their 
susceptibility to antimicrobials. Biomaterials 24 (19), 3221–3227. https://doi.org/ 
10.1016/s0142-9612(03)00173-x.

Renz, N., Feihl, S., Cabric, S., Trampuz, A., 2017. Performance of automated multiplex 
PCR using sonication fluid for diagnosis of periprosthetic joint infection: a 
prospective cohort. Infection 45 (6), 877–884. https://doi.org/10.1007/s15010- 
017-1073-5.

Ruhling, S., Navarro, F., Sekuboyina, A., et al., 2022. Automated detection of the contrast 
phase in MDCT by an artificial neural network improves the accuracy of 
opportunistic bone mineral density measurements. Eur. Radiol. 32 (3), 1465–1474. 
https://doi.org/10.1007/s00330-021-08284-z.

Schafer, P., Fink, B., Sandow, D., Margull, A., Berger, I., Frommelt, L., 2008. Prolonged 
bacterial culture to identify late periprosthetic joint infection: a promising strategy. 
Clin. Infect. Dis. 47 (11), 1403–1409. https://doi.org/10.1086/592973.

Schomig, F., Becker, L., Schonnagel, L., et al., 2023. Avoiding spinal implant failures in 
osteoporotic patients: a narrative review. Global Spine J. 13 (1_Suppl. l), 52S–58S. 
https://doi.org/10.1177/21925682231159066.

Sewick, A., Makani, A., Wu, C., O’Donnell, J., Baldwin, K.D., Lee, G.C., 2012. Does dual 
antibiotic prophylaxis better prevent surgical site infections in total joint 
arthroplasty? Clin. Orthop. Relat. Res. 470 (10), 2702–2707. https://doi.org/ 
10.1007/s11999-012-2255-1.

Shiban, E., Joerger, A.K., Janssen, I., et al., 2020. Low-grade infection and implant failure 
following spinal instrumentation: a prospective comparative study. Neurosurgery. 
https://doi.org/10.1093/neuros/nyaa133.

Shifflett, G.D., Bjerke-Kroll, B.T., Nwachukwu, B.U., et al., 2016. Microbiologic profile of 
infections in presumed aseptic revision spine surgery. Eur. Spine J. 25 (12), 
3902–3907. https://doi.org/10.1007/s00586-016-4539-8.

Sollmann, N., Loffler, M.T., El Husseini, M., et al., 2022. Automated opportunistic 
osteoporosis screening in routine computed tomography of the spine: comparison 
with dedicated quantitative CT. J. Bone Miner. Res. 37 (7), 1287–1296. https://doi. 
org/10.1002/jbmr.4575.

Stirling, A., Worthington, T., Rafiq, M., Lambert, P.A., Elliott, T.S., 2001. Association 
between sciatica and Propionibacterium acnes. Lancet. 357 (9273), 2024–2025. 
https://doi.org/10.1016/S0140-6736(00)05109-6.

Taco, Radiology, 2023. ACR–SPR–SSR Practice Parameter for the Performance of 
Quantitative Computed Tomography (Qct) Bone Mineral Density.

Trampuz, A., Piper, K.E., Jacobson, M.J., et al., 2007. Sonication of removed hip and 
knee prostheses for diagnosis of infection. N. Engl. J. Med. 357 (7), 654–663. 
https://doi.org/10.1056/NEJMoa061588.

Weiser, L., Huber, G., Sellenschloh, K., et al., 2017. Insufficient stability of pedicle screws 
in osteoporotic vertebrae: biomechanical correlation of bone mineral density and 
pedicle screw fixation strength. Eur. Spine J. 26 (11), 2891–2897. https://doi.org/ 
10.1007/s00586-017-5091-x.

A.-K. Joerger et al.                                                                                                                                                                                                                             Brain and Spine 5 (2025) 104152 

7 

https://doi.org/10.1126/science.1100330
https://doi.org/10.1007/s00586-019-05881-x
https://doi.org/10.1007/s00586-019-05881-x
https://doi.org/10.1016/j.spinee.2020.10.015
https://doi.org/10.1016/j.xnsj.2022.100172
https://doi.org/10.3389/fcimb.2015.00014
https://doi.org/10.1371/journal.pone.0174518
https://doi.org/10.1056/NEJM199201303260501
https://doi.org/10.1056/NEJM199201303260501
https://doi.org/10.1111/j.1365-2133.2008.08437.x
https://doi.org/10.1111/j.1365-2133.2008.08437.x
https://doi.org/10.1016/j.jse.2009.07.065
https://doi.org/10.1126/science.1171700
https://doi.org/10.1126/science.1171700
https://doi.org/10.1007/s00586-004-0854-6
https://doi.org/10.1007/s00586-004-0854-6
https://doi.org/10.1097/00007632-199411000-00008
https://doi.org/10.1016/j.jse.2015.09.033
https://doi.org/10.1007/s00586-018-5592-2
https://doi.org/10.1086/588477
https://doi.org/10.1016/j.jse.2012.07.007
https://doi.org/10.1007/s11999-013-3029-0
https://doi.org/10.1007/s11999-013-3029-0
https://doi.org/10.1007/s00330-020-07655-2
https://doi.org/10.1007/s00330-020-07655-2
https://doi.org/10.1177/2192568219864341
https://doi.org/10.1016/j.jse.2014.10.016
https://doi.org/10.1097/00003086-200508000-00012
https://doi.org/10.21873/invivo.11111
https://doi.org/10.1016/j.arthro.2019.01.024
https://doi.org/10.1016/j.arthro.2019.01.024
https://doi.org/10.2106/JBJS.M.00663
https://doi.org/10.1016/s0142-9612(03)00173-x
https://doi.org/10.1016/s0142-9612(03)00173-x
https://doi.org/10.1007/s15010-017-1073-5
https://doi.org/10.1007/s15010-017-1073-5
https://doi.org/10.1007/s00330-021-08284-z
https://doi.org/10.1086/592973
https://doi.org/10.1177/21925682231159066
https://doi.org/10.1007/s11999-012-2255-1
https://doi.org/10.1007/s11999-012-2255-1
https://doi.org/10.1093/neuros/nyaa133
https://doi.org/10.1007/s00586-016-4539-8
https://doi.org/10.1002/jbmr.4575
https://doi.org/10.1002/jbmr.4575
https://doi.org/10.1016/S0140-6736(00)05109-6
http://refhub.elsevier.com/S2772-5294(24)01408-5/sref38
http://refhub.elsevier.com/S2772-5294(24)01408-5/sref38
https://doi.org/10.1056/NEJMoa061588
https://doi.org/10.1007/s00586-017-5091-x
https://doi.org/10.1007/s00586-017-5091-x

	The identification of low-pathogenic bacteria on removed spinal implants and implications for antimicrobial prophylaxis
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Measurement of bone mineral density
	2.3 Ethical agreement
	2.4 Declaration on the use of AI
	2.5 Statistical analysis

	3 Results
	3.1 Population
	3.2 Bone mineral density
	3.3 Microbiology
	3.4 Re-revision rates and microbiology

	4 Discussion
	4.1 High rates of positive cultures of non-loosened spinal implants
	4.2 The role of bone mineral density
	4.3 High rates of Cutibacterium acnes despite sensitivity
	4.4 The role of a dual antimicrobial prophylaxis
	4.5 Limitations
	4.6 Strengths

	5 Conclusion
	Author contributions
	Data availability statement
	Funding
	Declaration of competing interest
	References


