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Cutibacterium acnes: a threat to shoulder surgery
or an orthopedic red herring?
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Surena Namdari, MD, Mark D. Lazarus, MD
Department of Orthopaedic Surgery, The Rothman Institute at Thomas Jefferson University, Philadelphia, PA, USA
Cutibacterium acnes is a lipophilic, anaerobic, gram-positive bacillus that mainly colonizes the piloseba-
ceous glands of human skin. It has been implicated as the leading cause of prosthetic joint infection (PJI)
after shoulder arthroplasty. However, PJI caused by C acnes rarely manifests as overt clinical, laboratory,
or imaging features. In fact, more than 40% of shoulders undergoing revision arthroplasty are likely to be
culture positive. However, rates of infection following a positive culture can be as low as 5%.
The purpose of this review was to put forth alternative explanations for this discordance between pos-

itive cultures and infection. We describe C acnes roles as a commensal, bystander, and/or contaminant
organism; the role of cultures in diagnosis and other methods that may be more accurate; its existence in
a shoulder microbiome; and the variable virulence of C acnes.
C acnes is an important cause of shoulder PJI in some patients. However, there is a large body of liter-

ature that suggests other functions that need to be considered. Further research is needed to define the
role of C acnes that is logically explained by all of the literature and not only some.
Level of evidence: Narrative Review
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Cutibacterium acnes (C acnes) is a lipophilic, anaerobic,
gram-positive bacillus that mainly colonizes the piloseba-
ceous glands of human skin. Given the high density of such
glands in the chest, shoulder, and back, there is a growing
concern in regard to C acnes as a potential pathogen when
discussing shoulder surgery. This is especially a concern for
males, who harbor more glands in these areas.25,46 Its
biggest role as an ‘‘orthopedic pathogen,’’ beyond its
implication with septic arthritis, discitis, and osteomyelitis,
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is related to prosthetic shoulder joint infections (PJI).4,18 It
has been implicated as the leading cause of PJI after
shoulder arthroplasty, occurring in roughly 0.9%-1.9% of
patients and leading to implant failure within the first 2
years after surgery, which results in worse outcomes
compared with other causes of failure.1,16,47

C acnes represents a unique diagnostic challenge for
shoulder surgeons because of its indolent nature. Peri-
prosthetic shoulder infection caused by C acnes rarely
manifests as overt clinical, laboratory, or imaging features
that are seen with more common orthopedic pathogens such
as Staphylococcus aureus.18,38,63,65 In fact, it has been
postulated that patients who fail shoulder arthroplasty and
present with vague pain, stiffness, or component loosening
Board of Trustees. All rights reserved.
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may potentially be infected with C acnes.36,48 Adding
further to this diagnostic challenge is the fact that because
of its longer incubation time, cultures for C acnes infection
are held for anywhere from 10-14 days, which may lead to
an increased possibility of contamination and false-positive
results.9

Other roles of C acnes have been investigated in the
literature, including pathogenicity of different strains and
commensal properties in the shoulder microbiome. The
purpose of this review was to describe the impact of C
acnes presence in the shoulder jointdto bring into question
whether C acnes is truly pathogenic or a red herring
(ie, diverting attention from the real problem).
Positive cultures do not equal infection

Determining the clinical significance of positive cultures in
shoulder samples is challenging in the case of C acnes
because most positive cultures do not lead to infection. In
revision shoulder arthroplasties, 24%-50% of shoulders
undergoing revision arthroplasty can be culture posi-
tive.26,36 However, rates of infection (ie, a second positive
culture and/or clinical signs) following a positive culture
vary from 5%-25% (Table I).11,20,22,26,27,45,63

Interestingly, even primary shoulder procedures have
demonstrated a similar disconnect between positive cul-
tures and true infection, despite no prior implant and/or
surgery to introduce C acnes into the joint. Sethi et al58

took both glenohumeral aspirations and soft tissue cul-
tures from surgically cleansed skin during primary ar-
throscopies and found that in the 25% of patients who had 2
or more positive cultures for C acnes, none went on to
develop infection at 1-year follow-up. Horneff et al24 found
a similar positive culture rate at 29.4% (80% were C acnes)
in their study looking at revision arthroscopies, with no
mention of development of infection in the study. Wong
et al68 found that 19% (67% were C acnes) of their primary
arthroplasty patients had 2 or more positive cultures, with
male patients approaching a positive culture rate of
50%. None of the patients in either of these studies received
specific antibiotic treatment for their positive C acnes
culture and none developed an infection.

Grosso et al22 retrospectively evaluated 17 patients who
had positive cultures at time of their 1-stage revision
shoulder. They found development of infection in 1/17 of
patients (5.9%) in their study (not C acnes), despite none of
these patients ever being administered antibiotics. Similarly,
Kelly et al27 retrospectively reviewed 28 revisions that did
not have overt signs of infection. They found positive cul-
tures in 8 patients (28.6%), and of these, 2 (25%) went on
to develop infection; nevertheless, none of these 8 were
treated with antibiotics following revision surgery for their
positive cultures. Both of these studies had a C
acnes–positive rate of more than 58% (Table I).
Topolski et al,63 Foruria et al,20 Hsu et al,26 and Pade-
gimas et al45 performed similar studies; however, these
patients received antibiotics following revision arthroplasty.
Topolski et al found a 10/75 (13%) infection rate in their
patients at a mean of 5-year follow-up, Foruria et al had 10/
107 (9.3%) of their patients develop infection at a mean of
5.6-year follow-up, Hsu et al had 3/27 (11%) develop
infection at a mean of nearly 4-year follow-up, and Pade-
gimas had 1/28 (3.6%) develop infection at an average 4.1-
year follow-up (Table I).20,26,45,63 In fact, in the Padegimas
et al. study, they found more patients who developed
infection in their culture-positive group (3 vs. 1, respec-
tively). Cheung et al11 found a similar infection rate at 5%
(1/20 patients) in their patients who had glenoid compo-
nents revised (mean follow-up 3-6 years).

It is possible that the amount of C acnes grown in cul-
ture has a positive correlation with infection risk. A study
done by Ahsan et al2 attempted to create a ‘‘Propi score’’
that looked at the amount of growth in each specimen and
the number of positive specimens from patients undergoing
revision arthroplasty in an attempt to predict development
of infection in the future. They were unable to define a
threshold ‘‘Propi score’’ that defined infection, which added
further confusion as to why certain positive cultures lead to
infection or whether cultures are even the best diagnostic
modality to predict future infection.

This evidence suggests that simply having a positive
culture for C acnes may not be as pathologic as previously
thought. Moreover, it raises the question of the meaning of
a positive culture in the revision setting: how do we know if
that culture indicates C acnes as the cause of PJI or if that
patient has aseptic or mechanical loosening with an inci-
dental finding of a positive C acnes.

Cultures are outdated: looking to new technology
and clinical findings for diagnosis

A logical question that follows is whether cultures are the
best way to diagnose infection, especially in the case of C
acnes. Bacterial culture was the first method used to char-
acterize human microbiota but is currently considered
outdated by many. Much work has been done in microbi-
ology to address what is known as the ‘‘great plate count
anomaly,’’ which describes the difference between micro-
scopic and culture counts. New molecular tools such as 16S
rRNA sequencing has led to the identification of organisms
that were not identified by standard cutlures.30 In the case
of C acnes, Namdari et al42 compared cultures and next-
generation sequencing (NGS) in patients undergoing revi-
sion shoulder arthroplasty. In 44 revisions, they found that
cultures commonly yielded monobacterial results, whereas
NGS yielded polymicrobial resultsdthe organism
most commonly identified by both methods was C
acnes. A recent study by Rao et al51 compared NGS with
deep and skin cultures in primary shoulder arthroplasties.
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NGS was positive in more skin (68% vs. 40%, respectively)
and deep tissue (28% vs. 12%, respectively) samples
compared with cultures. Interestingly, number of species
identified on NGS was significantly higher in samples that
were culture positive compared with samples that were
culture negative (P < .03). Not all positive cultures were
NGS positive.51 Concordance between NGS and cultures is
substantially better in hip and knee arthroplasty, suggesting
the challenge of identifying and defining infection with less
virulent microorganisms in the shoulder setting.42,62

Additionally, NGS is more sensitive than traditional
cultures and is prone to false-positive results; thus, setting a
threshold for what constitutes a positive reading for infec-
tion must be defined.52

These findings not only support the shortcomings of
cultures in diagnosing PJI in the shoulder but also
highlight the complex microbiological interplay occurring
within the shoulder joint. Is it reasonable to define C acnes
as the etiology of shoulder PJI because we routinely see it
with a more outdated test that is biased to identify C acnes
(longer culture incubation times and use of both aerobic
and anaerobic media) when we know of more sensitive
measures that suggest there are many bacterial species
present that we do not routinely see on culture? How are we
to know which of these bacteria are pathologic and which
are a part of our microbiome?

In the recent Proceedings of the Second International
Congress Meeting on Musculoskeletal Infection, the rec-
ommended delineation between colonization and infection
hinged greatly on whether the host’s immune system
developed any sort of response to the presence of micro-
bacteria. Although limited in level of evidence, the group
determined that the definition of infection required the
host’s immune response to elicit some sort of clinical
expression and disease state.57 The group put more
emphasis on clinical presentation than positive cultures.
Matsen has simplified this by defining infection as ‘‘bac-
teria doing harm.’’ In the case of C acnes, this development
of an immune response is often lacking, making this a
problematic bacterium to link with infection. In fact, by the
current International Congress Meeting definition of posi-
tive infection, even multiple positive cultures for C acnes
does not lead to a diagnosis of definite infection, only
possible or probable depending on other findings.

Pottinger et al48 echoed the importance of clinical
findings in defining PJI caused by C acnes in their study
evaluating 193 revision shoulder arthroplasties performed
secondary to pain, loosening, or stiffness. In their 108
positive cultures, 70% grew C acnes and 55% grew after
more than 1 week of incubation. The most significant
finding from this study, however, was that male sex,
humeral osteolysis, and cloudy fluid were associated with
a �600% increased likelihood of obtaining a C
acnes–positive culture, whereas humeral loosening, glenoid
wear, and membrane formation were associated with
a �300% increased likelihood.48 In fact, the authors
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recognize the difficulty in correlating physical findings and
positive cultures with the diagnosis of infection. In their
discussion, they state, ‘‘We emphasize that a positive cul-
ture is not the equivalent of an infection any more than a
negative culture is the equivalent of a sterile surgical field.’’

The convoluted relationship between positive cultures
and clinical symptoms is commonly encountered during
diagnosis of urinary tract infections. The Infectious Disease
Society of America has created guidelines for determining
the clinical significance of urinary cultures in patients being
evaluated for urinary tract infection. In patients without any
clinical signs or symptoms of a urinary tract infection, a
positive urinary culture is defined as asymptomatic bacte-
riuria. Apart from pregnant women and those undergoing
urologic procedures, the Infectious Disease Society of
America guidelines recommend not to obtain cultures or
treat these patients. Treatment has not shown to lead to
improved clinical outcomes, and unnecessary antibiotics
can cause harm, resistance, and wasted expense.23,32,64

A study by Sims et al60 evaluated the utility and costs of
obtaining cultures of bone allografts for total hip arthro-
plasty. They evaluated 996 allografts, of which 43 (4.3%)
had positive intraoperative cultures. Of these 43, 2 devel-
oped infection that required reoperation; the organisms
cultured at reoperation were different from those cultured
from the index procedure allograft. The study shows that in
patients without obvious signs of infection, a positive cul-
ture is not predictive of future infection, and instead places
a cost burden on the health care system: the costs for
obtaining those 996 cultures was $169,320.60

The role of positive C acnes cultures, and cultures in
general, in the setting of clinical signs or lack thereof needs
to be further investigated. As we learn more about C acnes
in the shoulder joint, we can work toward a standardized
protocol in the diagnosis and management of suspected PJI
patients.
Variable pathogenicity of different strains of C
acnes

Much work has been done in the basic science literature
attempting to elucidate pathogenic and nonpathogenic
strains of C acnes. A recent study by Hsu et al that eval-
uated multiple deep cultures taken from patients undergo-
ing revision shoulder arthroplasty and were subject to full
genome sequencing found that of those who had positive
cultures, 45% had multiple subtypes of C acnes.52

Aubin et al6 looked at 88 clinical isolates collected from
patients, 14 of which were from prosthetic monomicrobial
infections (6 from the shoulder). They found that different
strains of C acnes were responsible for different infections.
CC18 and CC28 (phylotypes IA1 and IA2, respectively)
were more likely to be found in spine instrumentation and
acne lesions, whereas CC36 and CC53 (phylotypes IB and
II, respectively) were more likely to be found in hip and
knee PJI (P ¼ .021). These PJI strains might have more
intrinsic virulence.6 This finding was consistent with a
study done earlier by Sampedro et al55 that looked at iso-
lates from removed implants (ie, spine, hip, knee, shoulder)
and found more strains of IB than IA in infected
prosthesis. In another study performed by Aubin et al,5 they
evaluated C acnes interactions with bone cells. They found
that the CC36(IB) strain was significantly less internalized
by bone cells than CC18(IA1) or CC28(IA2) strains and
decreased bone resorption by mature osteoclasts. Through
these 2 mechanisms, CC28(IA2) strains can invade bone
cells, disseminate into deeper tissues, and lead to an
imbalance in the bone remodeling process that may lead to
loosening.

A more recent interest has been drawn to hemolysis
around C acnes colonies as a marker for pathogenicity.
Boyle et al8 examined 31 shoulder surgery patients with
positive intraoperative cultures for C acnes and found
increased pathogenicity in strains of C acnes that exhibited
hemolytic properties. In fact, they reported a 100% speci-
ficity and 80% sensitivity when relying on hemolysis to
diagnose definite and probable infections. In contrast,
Mahylis et al35 found opposite results in their 39 revision
shoulder surgery patients. They did not find enhanced
pathogenicity with hemolytic strains and reported a sensi-
tivity of 75% and specificity of 26% for definite and
probable infection. These differences in results between
these 2 studies may be attributable to the small sample sizes
(31 and 39 cases), different surgical patients (Mahylis had
all shoulder arthroplasty patients, whereas Boyle included
only 61% arthroplasties), and/or the differing mean number
of samples taken in the Boyle study (4.3 vs. 2.6, hemolytic
group vs. nonhemolytic group, respectively) that could
have led to undercharacterization of infection in the
nonhemolytic group. It is apparent that further studies are
required to ascertain the reliability of hemolysis in pre-
dicting infection and/or relative virulence of different
strains.35 The literature shows that much is to be learned
about the pathogenicity of C acnes, perhaps explaining why
not all positive cultures lead to infection.
Commensal C acnes in a larger shoulder microbiome

Defined ecologic niches such as the gut, skin, and oral
cavity can carry groups of microorganisms that differ
dramatically in their composition; in most cases, these
native bacterium are considered beneficial for the
host.3,10,14,40 Additionally, a variety of microbial genomes
have been identified in subepidermal compartments in
skin41 and tissues below the dermis such as interstitial tis-
sues of the breast37,66 and lung.15 It is possible that C acnes
is a native inhabitant of the shoulder’s skin or joint
microbiome, and attempts to eliminate it from this region
would only disrupt this natural microbiome. Qiu et al49

used a strict protocol that involved using a new sterile
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scalpel blade for the collection of each tissue sample, and a
fresh sterile hemostat was used to grasp and transfer the
tissue into a sterile culture tube. One hundred thirty-six
tissue samples were obtained from 23 patients undergoing a
primary open shoulder arthroplasty procedure. Tissue
samples were collected from the skin, subcutaneous fat,
anterior edge of the supraspinatus tendon, middle gleno-
humeral ligament, and humeral head. After eliminating
contaminants by removing microbes in common with
controls, 53 samples were positive and correlated to various
bacterial families and genera, with the most abundant being
2 different Acinetobacter species and 1 member of the
Oxalobacteraceae family. C acnes was found in the skin
sample from only 1 male patient. Although C acnes was not
found to be native to the joint space, it is more likely that it
plays a role in homeostasis within the skin.

As such, there may be risks associated with altering the
microbiome of the skin in an attempt to eradicate C acnes
prior to surgery. Removing C acnes from the shoulder may
allow for the overgrowth of opportunistic organisms as C
acnes may play a role in innate immunity against S aureus.
This was demonstrated by Shu et al,59 who showed that the
fermentation of glycerol with C acnes can function as a
skin probiotic for in vitro and in vivo growth suppression of
USA300, the most prevalent form of community-acquired
methicillin-resistant S aureus. Shu et al postulated that
women get more non–C acnes infections because they have
less of this protective effect as a result of having lower
levels of C acnes. A follow-up study demonstrated that this
effect occurred directly as a result of the antimicrobial
activity of propionic acid.67 This antimicrobial activity also
worked against Escherichia coli and Candida albicans.

C acnes may also serve a role in the microbiome of the
shoulder in other ways. Christensen et al12 demonstrated
that Staphylococcus epidermidis and C acnes exhibit
interspecies competition, with each species excreting anti-
microbial substances to reduce the population of the
other. This antagonism suggests that C acnes is crucial in
keeping dermal levels of S epidermidis in check. A theo-
retical eradication of C acnes could enable an uninhibited
growth of S epidermidis populations, which themselves can
lead to infections and difficult eradication following or-
thopedic procedures.44,53

Lastly, as is often a problem throughout medicine, there
is a growing concern with the rising use of antibiotics as
prophylaxis. Overuse of topical or intravenous antibiotics
in an attempt to eradicate C acnes could lead to increased
resistance, and strains highly resistant to clindamycin are
already present in the population.13 Furthermore, attempts
to reduce C acnes infection through the use of additional
antibiotics has been met with limited success. Wong et al68

found high rates of positive cultures despite standard,
perioperative administration of cefazolin. These findings
are also supported by Koh et al,28 who demonstrated that
perioperative intravenous administration of cefazolin in
addition to sterile skin preparation still yielded a 73% rate
of positive C acnes cultures, with both superficial and deep
wound swabs taken for all patients. Namdari et al43

investigated the use of oral doxycycline given for 7 days
prior to shoulder arthroscopy in a prospective randomized
trial involving 74 patients. There were 22 of 37 patients
(59.5%) in the no-drug group and 16 of 37 patients (43.2%)
in the doxycycline group who had at least 1 culture positive
for C acnes (P¼.245). Another study looked at the efficacy
of perioperative intravenous doxycycline in shoulder
arthroplasty. Rao et al50 enrolled 56 patients in a random-
ized controlled trial and found that 21 (38%) had �1 pos-
itive culture for C acnes, with no significant difference
between the group treated with cefazolin alone (10 [37%]
of 27 patients) and the combined doxycycline and cefazolin
group (11 [38%] of 29 patients) (P ¼ .99). The potential
benefit of other antibiotics such as vancomycin or genta-
micin also requires further study.33,61

Given the potential importance of C acnes as a key
player in the shoulder microbiome, targeted decolonization
must be carefully considered, whether this is done with
antibiotics or with other methods.
C acnes as a contaminant

When it comes to identifying C acnes at the time of a
primary shoulder surgery, there has been considerable
variation in results. Previous studies have found dramati-
cally different rates of positive cultures for C acnes. Two
similar studies observed the rate of positive cultures among
patients undergoing primary shoulder arthroplasty, with
Maccioni et al34 reporting a rate of 3.1% and Levy et al31

reporting a rate of 42%. The former study used what they
believed to be a stricter protocol for tissue collection. A
modified Oxford protocol was used to minimize the risk of
specimen contamination, and this involved the surgeon’s
using separate sterile surgical blades and forceps for each
specimen and the use of a no-touch technique.4 Meanwhile,
Levy et al found a positive culture rate more than 10 times
higher while using a simpler protocol, making it possible
that their high rate occurred largely as a result of contam-
ination, secondary to a lack of a strict culturing protocol.

Falconer et al19 pursued this idea in a prospective case
series involving 40 patients undergoing primary total
shoulder replacement. Five swabs were taken during sur-
gery from sites of potential contamination. The correlation
between growth of C acnes from the skin and subdermal
layer to the tip of the surgeon’s glove and forceps was
found to be significant (P < .05). This study demonstrated
that surgeon handling of the skin and subdermal layer may
contaminate the rest of the surgical field. As such, failure of
standard decolonization methods at eliminating C acnes
from dermal sebaceous glands may allow the bacterium to
be spread throughout the operating field. It is crucial to be
able to differentiate between contamination and infection,
and the mechanism for contamination observed by Falconer
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et al strongly suggests that most positive cultures for C
acnes are contaminants. This is additionally supported by a
study by Mook et al39 that found that male sex and pre-
operative steroid injections were associated with a higher
likelihood of bacterial growth on culture. Male sex pre-
disposes to a higher chance for contamination because of a
higher density of dermal glands where C acnes resides, and
preoperative injections introduce the bacterium into the
joint space just as the scalpel or forceps were found to in
Falconer et al. It is also interesting to note that Mook et al
observed 7 of their 54 sterile control specimens return
positive for culture growth, with 5 of these being C acnes
and 2 coagulase-negative S aureus.

In light of the high rate of false positives, one study
attempted to categorize the accuracy of positive cultures. In
a retrospective study involving 46 revision shoulder
arthroplasty cases that were positive for C acnes, Frangia-
more et al21 demonstrated a significantly shorter time to
culture in cases categorized as a probable true-positive
result compared with those considered as having a prob-
able contaminant or false-positive result. Cases were sorted
into the probable true or false groups based on a combi-
nation of preoperative and intraoperative clinical findings,
such as serum erythrocyte sedimentation rate and serum
C-reactive protein level. The time to culture growth was
significantly shorter (P ¼ .002) in the probable true-positive
culture group compared with the probable contaminant
group (median of 5 days compared with 9 days). In the
probable true-positive group, no patient had a culture that
turned positive for C acnes after more than 11 days,
whereas 44% of the patients in the probable contaminant
group had a positive culture after this time point. There are
a number of possible explanations for this finding,
including density of organisms in the sample and virulence
of the strain of C acnes cultured. This is reminiscent of the
proposed ‘‘Propi score’’ that was attempted by Ahsan et al.2

Further studies and improved diagnostic testing are needed
in order to better define the relevance of positive cultures.
C acnes as an innocent bystander

With the advent of technology capable of identifying new
micro-organisms and various strains of known infectants,
the possibility of C acnes being an innocent bystander
cannot be overlooked. A study done by Both et al7 in 2018
cultured asymptomatic osteosynthesis material and tissue
samples removed from the clavicle and from the fibula
(control) of patients with completed united fractures and no
signs of infection and followed these patients for 3-24
months. They found zero (0/19) positive cultures in their
control group, but 29/34 of the sample from the clavicle
grew positive cultures (27/29 were C acnes). Despite this
high percentage of growth, none of their patients developed
infection and all had routinely healed their fracture. Given
the high density of pilosebaceous glands near the shoulder,
it is possible that C acnes is incidentally cultured during an
infection caused by a bacterium not yet identified or
studied.

Additionally, the study in which Namdari et al42 used
NGS to better characterize the nature of infection in revi-
sion arthroplasty revealed that more than 90% cases were
polymicrobial. This was also supported by Tarabichi et al62

in which NGS was used in the diagnosis of hip and knee
PJI. The high rate of positive polymicrobial NGS results
suggests that C acnes is not necessarily the culprit, as any
of the other identified bacteria ranging from Acinetobacter
radioresistens to Bacteroides fragilis may be involved in
causing symptoms of infection. Furthermore, although
studies have demonstrated methods effective for the
elimination of C acnes from the skin surface prior to
surgery,17,29,54,56 successful decolonization of C acnes has
yet to be directly correlated to a lower incidence of infec-
tion. The primary outcome in these studies is simply a
positive culture rate. Therefore, it is difficult to assert
whether cases of infection commonly attributed to C acnes
are in fact due to C acnes or rather one of the microbes
found during NGS.
Conclusion
It is clear that C acnes is an important cause of shoulder
PJI in some patients. However, simply defining C acnes
as the most common cause of shoulder PJI ignores a
large body of literature that suggests otherwise. A more
appropriate phrasing may be that C acnes is the most
commonly cultured organism in primary and revision
shoulder arthroplasty. Further research is needed to
define the role of C acnes that is logically explained by
all of the literature and not only some.
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