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Aims 
One of the primary causes of periprosthetic joint infection (PJI) in reverse total shoulder 
arthroplasty (RTSA) is intraoperative contamination. This study aimed to evaluate the 
efectiveness of povidone-iodine irrigation in reducing bacterial contamination of the 
surgical feld during primary RTSA. 

Methods 
A total of 65 patients were prospectively included (mean age 74.1 years (SD 7.9); 43 female, 
22 male). Patients with fractures, osteonecrosis, tumours, or previous surgical treatment 
failures, as well as those who had received recent antibiotic or infltrative therapy, were 
excluded. At the end of the surgery, six diferent samples were collected. The frst set of three 
samples – one swab from the glenosphere, one from the humeral component, and one from 
the periprosthetic tissue – were obtained before irrigation (using a 0.35% povidone-iodine 
solution diluted with saline). The second set of three samples was taken from the same 
sites, but after irrigation. The six samples were processed to perform both qualitative and 
quantitative assessments of the microbial load. 

Results 
Cutibacterium acnes was the only anaerobic strain recovered, found in both swabs and 
periprosthetic tissues, while the aerobic fora included gram-positive bacteria – mainly 
coagulase-negative staphylococci (CoNS) – and few gram-negative species. Povidone-iodine 
irrigation signifcantly reduced both the positivity rates and bacterial loads of C. acnes and 
CoNS. C. acnes loads decreased from ~10³ to ~10² colony-forming units (CFUs)/ml, and CoNS 
loads decreased from ~10¹ to nearly zero CFUs/ml. The time to culture positivity for C. acnes 
depended on the bacterial load, ranging from three to fve days (≥ 10³ CFUs/ml) to > six days 
(≤ 10² CFUs/ml), while the aerobes grew faster (one to four days). Higher C. acnes positivity 
and loads were associated with male sex and the use of cuf tear arthropathy as a surgical 
indication. 

Conclusion 
Intraoperative irrigation with povidone-iodine is signifcantly efective in reducing bacterial 
contamination rates during RTSA surgery, despite C. acnes being less susceptible than CoNS. 

Article focus 
• To evaluate the efectiveness of intrao-

perative povidone-iodine irrigation in 
reducing bacterial contamination – as 

• To characterize the microbiological 
profle of intraoperative contamination, 
with particular focus on Cutibacterium 

load and positivity rate – during reverse 
total shoulder arthroplasty (RTSA). 
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acnes and coagulase-negative staphylococci (CoNS). 
• To analyze diferences in contamination patterns according 

to patient clinical and surgical factors. 

Key messages 
• Povidone-iodine irrigation signifcantly reduces both 

positivity rates and bacterial loads of common pathogens, 
particularly CoNS. 

• C. acnes is less susceptible to povidone-iodine, but its 
bacterial load is still substantially reduced. 

• Microbiological fndings support the adoption of this safe, 
low-cost adjunct for infection prevention in RTSA. 

Strengths and limitations 
• The use of povidone-iodine irrigation after RTSA is able to 

reduce not only the aerobic and anaerobic bacterial load, 
but also the patients’ positivity rates, without causing 
adverse events following its intraoperative administration. 

• No control group was included for ethical reasons. 
• The results are specifc to RTSA: while povidone-iodine 

lavage is likely benefcial in other shoulder procedures, its 
efectiveness cannot yet be generalized beyond this 
setting. 

Introduction 
In recent years, reverse total shoulder arthroplasty (RTSA) has 
become more and more popular, and the indications are 
expanding.1,2 Nowadays, it is recommended not only for the 
arthropathy of the rotator cuf, but also for fractures of the 
proximal humerus, revision arthroplasty, and arthritis of the 
glenohumeral portion.3 The rate of complications following 
RTSA ranges from 7% to 25%, with shoulder periprosthetic 
joint infection (PJI), arguably the most devastating complica-
tion, having an incidence of 0.7% to 6%.3-16 PJI incurs neg-
ative economic, psychological, and physical consequences. 
Cutibacterium acnes, a slow-growing, anaerobic, gram-posi-
tive, lipophilic, and non-spore-forming bacterium, is the most 
commonly involved pathogen.17-23 It is primarily found in the 
dermis of the shoulder area,24 and its contamination of the 
surgical feld at the end of the procedure has been documen-
ted.3,25,26 Other microbes, such as Staphylococcus aureus and 
coagulase-negative staphylococci (CoNS), including Staphylo-
coccus epidermidis, can also be present in the RTSA surgical 
feld.14,26-28 

Several strategies have been proposed to reduce 
PJIs, both preoperatively (e.g. chlorhexidine gluconate cloths, 
topical benzoyl peroxide application) and intraoperatively (e.g. 
plastic adhesive drapes, intra-articular or intrawound antibiotic 
application).29-34 More recently, another potential strategy to 
overcome PJIs in RTSA has been proposed, represented by a 
surgical feld irrigation with various antiseptic solutions.35-39 

The World Health Organization (WHO) recommends irriga-
tion with a povidone-iodine solution in incisional wounds 
to prevent surgical site infections.40 In 2018, the consensus 
conference on PJIs stated that “there is insufcient evidence 
for or against disinfection of the subcutaneous and dermal 
tissues during shoulder arthroplasty”.40 Despite this, several 
studies have shown that irrigation with diluted povidone-
iodine prior to wound closure, both in primary total hip 
and knee arthroplasty as well as in revision procedures, is 

associated with a reduced incidence of PJIs, with povidone-
iodine being superior to normal saline.34,35,41,42 At the time of 
writing, no studies reporting the use of this strategy after RTSA 
are available. 

The aim of the study is to test the hypothesis that 
an intraoperative irrigation with povidone-iodine during RTSA 
would signifcantly diminish microbial contamination and 
overall bacterial load in the surgical feld. 

Methods 
Study design and patients 
In this observational study, 65 patients were prospectively 
enrolled from three diferent hospitals: San Luigi Gonzaga 
Hospital, Mauriziano-Umberto I Hospital, and Città della Salute 
e della Scienza Hospital (all based in Turin, Italy). The inclusion 
criteria were primary RTSA and consent to the study protocol. 
The following exclusion criteria were applied: 1) age under 
18 years; 2) documented history of dementia or psychiatric 
conditions that do not allow for a smooth postoperative and 
rehabilitative course; 3) undergoing RTSA because of fracture, 
osteonecrosis, or tumour; 4) underwent previous shoulder 
surgery (both arthroscopic and open); 5) received antibiotic 
therapy in the two weeks prior to surgery; 6) received 
infltrative therapy (either intra-articular or subacromial) in the 
six months prior to surgery; 7) allergy to povidone-iodine or 
other iodine-containing products; and 8) HIV- and hepatitis 
C-positive patients. 

For all enrolled patients, demographic data, such as 
age, sex, BMI, comorbidities (based on the past medical 
history declared by the patient), type of disease represent-
ing the indication for surgery, any previous joint injection 
beyond six months prior to surgery, intra- and postoperative 
(from immediately after surgery to six months after surgery) 
complications, and duration of surgery (cut to close time), 
were collected. 

The study was performed in accordance with the 
ethical standards in the 1964 Declaration of Helsinki,43 and 
was carried out in accordance with relevant regulations of the 
National Health Care System. Informed consent was obtained 
for all included patients, and the study protocol received 
ethical committee approval from the San Luigi Gonzaga 
Hospital (CE 3/2023). 

Overall, 100 patients were initially enrolled in the study. 
Of these, 23 had previously undergone shoulder arthroscopy, 
fve refused the irrigation protocol, four were HIV-/hepatitis 
C-positive, one reported allergic reactions to iodine products, 
and two were lost to follow-up (Figure 1). The data of the 
65 patients who were ultimated included are shown in Table I. 

Surgical treatment 
Patients showered with chlorhexidine the night before 
surgery, and the surgical site underwent hair removal with 
a hair clipper. Antibiotic prophylaxis included the use of 
cefazolin 2 g provided within 30 minutes before skin inci-
sion or, in the case of allergic patients, vancomycin. Imme-
diately prior to the preparation of the surgical feld, the 
patient’s shoulder and axilla were irrigated and scrubbed 
with a 7.5% povidone-iodine solution followed by water.22 

The surgical feld was subsequently prepared with a 4% 
chlorhexidine gluconate solution and protected with sterile 
adhesive drapes without iodine impregnation. After both the 
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Fig. 1 
Summary of the study design and inclusion/exclusion criteria for patient enrolment. HCV, hepatitis C; RTSA, reverse total shoulder arthroplasty. 

Table I. Demographic and clinical characteristics of the patient 
cohort. 

Characteristic Value 

Sex, n 

Female 43 

Male 22 

Mean age, yrs (range, SD) 74.1 (52 to 87, 7.9) 

Mean BMI, kg/m² (range, SD) 26.1 (15.9 to 39.8, 4.5) 

Preoperative joint injections, n 36 

Comorbidities, n 

Hypertension 41 

Dyslipidaemia 21 

Cardiovascular diseases 19 

Diabetes mellitus 10 

Surgical indication, n 

Primary OA 31 

CTA 24 

Fracture sequelae 6 

Massive rotator cuf tear 4 

CTA, cuf tear arthropathy; OA, osteoarthritis. 

skin incision (deltopectoral approach) and the subcutaneous 
tissue incision, the scalpel blade was replaced.44 At the end of 
surgery, six diferent samples were drawn from the patient, 
immediately placed in CultureSwab with Amies medium 
(Becton Dickinson Italia, Italy) and sent to the Bacteriology and 
Mycology Laboratory (Department of Public Health and 
Pediatrics, University of Torino, Turin) within one hour. The frst 
set of three samples (one swab from the glenosphere, one 

from the humeral component, and one periprosthetic tissue 
sample collected following a sterile glove and a scalpel and 
forceps change) was collected before irrigation. The second 
set of three samples (collected following a sterile glove and a 
scalpel and forceps change) was taken at the same sites, but 
after irrigation. This was performed with sterile povidone-
iodine (Betadine) at 10%, diluted with sterile saline to a 
concentration of 0.35%, and left inside the joint for three 
minutes.3436,45 The chosen concentration and exposure 
duration of diluted Betadine in the surgical feld were based 
on evidence from the scientifc literature concerning irrigation 
practices in hip and knee surgery.34,36,45 Then, it was aspirated 
with a new suction unit, and further washing irrigation of the 
joint, with 500 ml of sterile saline solution placed in a new 
sterile metal cup taken from a new sterile bottle, was applied 
before collection of the second set of three samples. A swab 
placed in the surgical feld but without sampling any internal 
area was also collected, and considered a negative control. 
Patient follow-up occurred at one week, two weeks, four 
weeks, three months, and six months after surgery to detect 
potential infections, either superfcial or deep. 

Sample processing and microbial identifcation 
The six specimens were processed within one hour to 
obtain both a qualitative and quantitative assessment of the 
microbial load. The samples were sonicated (Sonorex Digitec 
DT 31 H; BANDELIN electronic, Germany) for 15 minutes at 
room temperature to detach the microorganisms without 
altering their viability, then vigorously vortexed, and 100 μl 
were plated on nutrient agar (NA; Merck KGaA, Germany) for 
aerobic bacteria, on mannitol salt agar (MSA; Biokar Diag-
nostics, France) for staphylococci, on Schaedler agar with 
5% blood (BD) for anaerobic bacteria, and on Sabouraud 
dextrose agar (Biokar Diagnostics) for fungi. The growth of 
anaerobic bacteria was performed under strictly anaerobic 
conditions within an anaerobic system (GasPak EZ anaerobe 
pouch system kit; BD), at 37°C and prolonged for up to 
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 Table II. Efect of intraoperative povidone-iodine irrigation on Cutibacterium acnes (C. acnes) and coagulase-negative staphylococci (CoNS) positivity 
rates and bacterial loads, as colony-forming units (CFUs/ml). 

Microbial presence in intraoperative samples 

Positive samples/total samples (%) Mean CFUs/ml (SEM) 

Variable Pre-irrigation Post-irrigation p-value* Pre-irrigation Post-irrigation p-value† 

C. acnes 

Swabs 51/130 (39.23) 30/130 (23.08) 0.043 1.32*103 (5.93*102) 3.19*102 (1.24*102) 0.034 

Periprosthetic tissue 27/65 (41.54) 12/65 (18.46) 0.044 9.63*102 (3.49*102) 1.92*102 (7.83*101) 0.014 

Total 78/195 (40.00) 42/195 (21.54) 0.005 1.19*103 (4.07*102) 2.76*102 (8.55*101) 0.008 

CoNS 

Swabs 33/130 (25.38) 9/130 (6.92) < 0.001 48.39 (16.03) 2.93 (2.12) 0.002 

Periprosthetic tissue 19/65 (29.23) 2/65 (3.08) < 0.001 95.00 (31.00) 3.50 (3.02) 0.009 

Total 52/195 (26.67) 11/195 (5.64) < 0.001 57.03 (13.47) 3.12 (1.23) 0.002 

*Fisher’s exact test. 
†Paired t-test. 
SEM, standard error of the mean. 

21 days. By contrast, cultures of the aerobic bacteria and fungi 
were maintained under aerobic conditions, specifcally ‘normal 
air‘ up to ten days of incubation at 37°C. The number of 
colony-forming units (CFUs)/ml was recorded after the specifc 
incubation period. 

A sterile control swab was also included in each test. 
Next, all the diferent isolated strains were characterized by 
morphological observation, Gram staining, and catalase test, 
and then sub-cultured on enrichment media (e.g. NA) and/or 
on selective and diferential media (i.e. MacConkey agar, MSA). 
Microbial identifcation was carried out by mass spectrome-
try using Matrix Assisted Laser Desorption/Ionation Time-Of-
Flight technology (MALDI-TOF; Bruker Daltonics, Germany). 
All identifed microbial strains were inoculated into cryovials 
(Technical Service Consultants, UK) and maintained at -80°C 
for prolonged storage. 

All patient-derived biological samples were analyzed 
anonymously by the microbiologists (FM, FL, CP, AB, GB, VA), 
who had no access to any sensitive personal data such as age, 
sex, or other identifying information. A sequential numerical 
code was assigned to each patient. Microbiological results 
were shared with the clinical team only after the comple-
tion of the 12-month follow-up period. These measures were 
implemented to prevent any potential infuence on outcome 
assessment, ensuring an unbiased interpretation by both the 
microbiology team and the orthopaedic surgeons (EB, FC, DB, 
GV, MCR). 

Statistical analysis 
Diferences between pre-irrigation and post-irrigation, at 
the site of surgery, were assessed by paired t-test for nor-
mally distributed continuous variables. Fisher’s exact test was 
employed to assess diferences in microbial positivity rates 
before and after irrigation, and to examine potential associ-
ations with culture positivity timing and the indication for 
surgery. A p-value < 0.05 was considered signifcant. Statis-

tical analyses were performed using GraphPad Prism v.10.0 
(GraphPad Software, USA). 

Results 
The surgery lasted a mean 95 minutes (55 to 160, SD 20.7) 
and was preceded in all patients by prophylaxis with cefa-
zolin, except for two patients who were treated with vanco-
mycin. Out of 65 patients, ten were completely negative for 
both anaerobes and aerobes both before and after irrigation. 
A total of 17 patients who initially tested positive for anae-
robes became negative after the procedure, while 22 patients 
showed the same pattern for aerobes. Overall, in cases where 
patients remained positive, the microbial species detected 
post-irrigation were consistent with those identifed pre-irriga-
tion. 

The only strain recovered under anaerobic conditions 
was C. acnes (found in both swabs and periprosthetic 
tissue), whereas the aerobic fora included both gram-positive 
bacteria (primarily CoNS) and gram-negative bacteria. The 
CoNS strains were distributed among the species as follows: S. 
epidermidis (n = 13), Staphylococcus warneri (n = 11), Staphylo-
coccus hominis (n = 9), Staphylococcus capitis (n = 7), Staphylo-
coccus saprophyticus (n = 3), Staphylococcus lugdunensis (n = 3), 
and Staphylococcus pasteuri (n = 1). Interestingly, S. aureus was 
isolated from a single swab, with a load of 20 CFUs/ml. As for 
Gram-negative bacteria, Escherichia coli was identifed in two 
samples: one periprosthetic tissue (10 CFUs/ml) and one swab 
(40 CFUs/ml). No fungi were recovered. 

Notably, the positivity rate after the irrigation was 
signifcantly reduced considering both C. acnes and CoNS, 
as indicated in Table II. In fact, taking into account the 
periprosthetic tissues, prior to the irrigation a positivity of 
41.54% and 29.23% in C. acnes and CoNS was obtained, 
respectively, whereas after the irrigation they signifcantly 
reduced, achieving rates of 18.46% for C. acnes ( p = 0.044) 
and 3.08% for CoNS (p < 0.001, both Fisher’s exact test). 
Additionally, the irrigation with povidone-iodine determined 
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Fig. 2 
Representative Schaedler agar plates illustrating the reduction in Cutibacterium acnes colony-forming units (CFUs/ml) before (A to C) and after (D 
to F) intraoperative irrigation with povidone-iodine solution. Each plate represents the respective location where the swab was taken (glenosphere, 
humeral component, periprosthetic tissue). 

a signifcant load reduction of C. acnes both in swabs and 
in periprosthetic tissues, and a similar signifcant reduction 
pattern was demonstrated also for CoNS. In particular, C. acnes 
bacterial count prior to the irrigation was ~10^3 CFUs/ml, and 
this signifcantly (p = 0.008, paired t-test) decreased to ~10^2 
CFUs/ml, whereas CoNS generally displayed a bacterial count 
of about 10^1 CFUs/ml which, after the irrigation, was 
signifcantly reduced to about 3 CFUs/ml (p = 0.002, paired 
t-test) (Figure 2, Table II). Among CoNS, after irrigation the 
most representative species were S. epidermidis (n = 4), S. 
hominis (n = 3), S. warneri (n = 2), S. capitis (n = 1), and S. 
pasteuri (n = 1). 

Although anaerobes generally require long incubation 
times, positivity in this study was related primarily to the 
bacterial load, especially for C. acnes. Specifcally, when the 
C. acnes count was 10³ CFUs/ml or higher, cultures became 
positive within three to fve days; conversely, when the count 
was 10² CFUs/ml or lower, positivity was observed only after 
more than six days. In contrast, for aerobes, (characterized by 
lower counts), the mean time to positivity was one to four 
days. 

The positivity rates and bacterial counts for both 
C. acnes and CoNS were also evaluated according to risk 

categories (Tables III and IV). A correlation was observed 
between male sex and CTA indications and increased C. acnes 
positivity and bacterial load compared with aerobic bacteria. 

No complications related to irrigation were observed. 
One patient developed superfcial infection, which was 
successfully treated with oral amoxicillin-clavulanate. This 
patient’s culture revealed the presence of S. epidermidis, S. 
saprophyticus, and C. acnes, all at low CFU/ml levels. 

Discussion 
PJI in RTSA represents a challenging complication, one of 
the main causes of which is intraoperative wound contamina-
tion.3,25,26 Our results showed that intraoperative irrigation with 
a povidone-iodine solution signifcantly reduces contamina-
tion and the microbial load in the surgical feld of RTSA. We 
believe that these results can be applied to anatomical total 
shoulder arthroplasty; however, we chose to focus on RTSA 
only, in order to minimize bias potentially associated with 
the longer surgical time usually required for anatomical total 
shoulder arthroplasty compared to RTSA. 

We decided to use povidone-iodine because in vitro 
studies have shown that, compared with other antiseptic 
solutions, it is bactericidal at concentrations at which some 
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Table III. Cutibacterium acnes (C. acnes) and coagulase-negative 
staphylococci (CoNS) positivity rates and colony-forming units 
(CFUs/ml) before and after intraoperative povidone-iodine irrigation, 
stratifed by sex. 

Bacterial presence in patients Sex p-value* 

Positive patients/total 
patients Male Female 

C. acnes 

Pre-irrigation 16/22 19/43 0.037 

Post-irrigation 15/22 4/43 < 0.001 

CoNS 

Pre-irrigation 8/22 22/43 0.301 

Post-irrigation 3/22 5/43 > 0.999 

Mean CFUs/ml 

C. acnes < 0.001 

Pre-irrigation 1.77*103 2.03*102 

Post-irrigation 4.28*102 1.93*102 

CoNS 0.631 

Pre-irrigation 3.90*101 8.01*102 

Post-irrigation 6.00*100 1.80*102 

*Fisher’s exact test. 

cell viability remains, and it is efective against C. acnes.46,47 

Additionally, no cytotoxic efects on eukaryotic cells have been 
documented.35,47–50 Promising results have also been reported 
in recent years with the additional preparation of the subcuta-
neous layer using a povidone-iodine solution immediately 
after skin incision.51 Moreover, the use of povidone-iodine is 
supported by numerous publications on total hip and total 
knee arthroplasty.35–40,51 

We were not able to assess the infection rate in the 
present study, however we observed a signifcant decrease 
in bacterial positivity and load following irrigation with 
povidone-iodine immediately after RTSA. The total positivity 
rate for anaerobic pathogens (exclusively C. acnes) decreased 
from 40% to 21.54%, whereas for aerobic pathogens (mainly 
CoNS) it decreased from 26.67% to 5.64%. Notably, C. acnes 
showed a reduction in CFUs/ml from approximately 10³ 
before irrigation to approximately 10² after irrigation, whereas 
CoNS – characterized by an overall lower bacterial load – 
were reduced to near-zero levels following the procedure. 
We collected both periprosthetic tissue samples and swabs 
from the prosthetic components to minimize the risk of 
false-positive or false-negative results associated with either 
method alone. The comparable positivity rates and bacte-
rial counts observed between the two sample types indi-
cate that, in this context, both swabs and tissue specimens 
efectively confrmed the efect of povidone-iodine irrigation. 
We decided to collect swabs, rather than tissue samples alone, 
to try and also test the contamination of the prosthetic 
surface. 

While the impact on infection rates in shoulder 
arthroplasty might be inferred from the literature on hip and 

knee arthroplasty, it is important to note that PJIs follow-
ing THA or TKA are caused primarily by aerobic patho-
gens.34,35,42,45,52 To the best of our knowledge, no data currently 
exist regarding the C. acnes positivity rate and load following 
irrigation with povidone-iodine in RTSA, highlighting a critical 
gap in the literature. 

Several studies have evaluated the microbial 
positivity rate in intraoperatively collected samples, but 
none have estimated either the bacterial load or the efect 
of intraoperative irrigation. A C. acnes positivity rate of 
nearly 22% was observed in swabs collected after shoul-
der arthroplasty,53 whereas higher percentages of C. acnes 
were reported in deep incised dermal samples.54,55 Moore 
et al56 demonstrated that C. acnes positivity in biopsies 
following PJIs was approximately 37%. These fndings are 
consistent with ours when considering the pre-irrigation 
samples, whereas a lower overall C. acnes positivity rate was 
observed after povidone-iodine irrigation. 

With regard to the recovery of aerobes from incised 
dermal swabs, the literature presents results that contrast 
with our fndings, with lower positivity percentages reported 
(~8% vs ~25%).57 However, other authors have reported a 
positivity rate for S. epidermidis of nearly 25%.16 Despite these 
diferences, and consistent with our fndings, CoNS were the 
most commonly isolated bacteria, with S. epidermidis being 
the most prevalent, followed by S. hominis and S. warneri. 
Additionally, S. aureus and E. coli were also identifed in the 
present study, in accordance with the literature.57–60 

Although the implications of the highlighted results 
are not yet well defned or universally agreed upon in the 
literature, the high contamination rate of the surgical feld in 
RTSA is concerning. A recent review focusing on unexpected 
intraoperative positive cultures in shoulder surgery reported 
a global contamination rate of 27.5%, with C. acnes positiv-
ity at 21%, representing 76.4% of the involved bacteria. This 
mean positivity rate is lower than ours (i.e. 40% vs 21%).60 

These discrepancies may be explained by diferences in 
sampling procedures and microbiological techniques. Indeed, 
our methodology allowed us to assess not only the bacterial 
species, but also their specifc loads. 

The signifcant association between C. acnes contam-
confrmed by our data.25,30,51,61–65ination and male sex is 

Moreover, we observed that patients with cuf tear arthrop-
athy (CTA) were associated with a signifcantly higher C. acnes 
bacterial load compared to other diagnoses. Few studies 
have investigated the potential correlation between shoul-
der pathology and C. acnes contamination/infection,65–68 and, 
although some authors have postulated a potential role of 
the bacterium in the pathogenesis of primary OA,69 to our 
knowledge, the association with CTA has never been reported. 
Nonetheless, our dataset does not allow for a conclusive 
explanation of the association observed in our cohort, as no 
statistically signifcant diferences – other than C. acnes load 
– were identifed among CTA, OA, and other surgical indica-
tions with regard to age, sex, comorbidities, BMI, or surgical 
duration. 

Notably, considering the culture time of positivity, we 
observed a correlation between bacterial load and time: at a 
C. acnes load of 10³ CFUs/ml, cultures became positive within 
four to fve days; at 10² CFUs/ml, there was a slight delay 
(positivity at seven days); and at 10¹ CFUs/ml, the time to 
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Table IV. Cutibacterium acnes (C. acnes) and coagulase-negative staphylococci (CoNS) positivity rates and colony-forming units (CFUs/ml) before and 
after intraoperative povidone-iodine irrigation, stratifed by surgical indication. 

Bacterial presence in patients Indication for surgery p-value* 

Positive patients/total patients Primary OA CTA FS MRCT 

C. acnes 

Pre-irrigation 15/31 14/24 3/6 3/4 0.724 

Post-irrigation 8/31 8/24 1/6 2/4 0.645 

CoNS 

Pre-irrigation 13/31 11/24 4/6 2/4 0.738 

Post-irrigation 6/31 2/24 0/6 0/4 0.365 

Mean CFUs/ml 

C. acnes 

Pre-irrigation 6.07*102 1.49*103 3.51*102 3.65*102 < 0.001 (CTA vs others) 

Post-irrigation 2.02*102 6.67*102 1.70*101 1.12*102 

CoNS 0.431 

Pre-irrigation 6.37*101 6.55*101 1.27*102 1.00*101 

Post-irrigation 1.67*101 4.00*101 0 0 

*Fisher’s exact test. 
CTA, cuf tear arthropathy; FS, fracture sequelae; MRCT, massive rotator cuf tear; OA, osteoarthritis. 

positivity exceeded eight days. These fndings align with the 
45% positivity rate at seven days reported by Pottinger et al.70 

The efectiveness of the irrigation against aerobic 
bacteria is encouraging, aligning not only with the litera-
ture on hip and knee arthroplasty mentioned above, but 
also with our previous study, which assessed the role of 
double skin preparation prior to the surgical treatment of 
proximal humeral fractures.22 The addition of a chlorhexidine 
skin lavage immediately before surgical feld preparation 
with povidone-iodine signifcantly reduced the CoNS culture 
positivity rate, although no such efect was observed for C. 
acnes. Again, despite the signifcant decrease in both C. acnes 
loads (10² CFUs/ml) and positivity (~22%) after irrigation, there 
were a few cases where no reduction was observed. 

A possible explanation for the greater efect of 
povidone-iodine irrigation on CoNS than on C. acnes may 
lie in diferences in iodine penetration, mechanism of action, 
bioflm formation capacity, and required exposure time.71– 

74 Povidone-iodine likely penetrates the cell wall of CoNS 
more easily, whereas C. acnes has a complex outer structure, 
rich in phosphatidylinositol, triacylglycerol, and other lipids,75 

which ofers moderate resistance to antiseptics. Its antimicro-
bial action relies on the release of free iodine, which dena-
tures bacterial proteins and disrupts cell membranes. CoNS 
appear particularly susceptible to this process, whereas C. 
acnes may exhibit more robust defense mechanisms against 
iodine-induced oxidative stress. Another contributing factor 
could be the stronger adhesive properties of C. acnes during 
the early stages of bioflm formation, as noted by one 2021 
study.74 Finally, efectively reducing C. acnes contamination – 
compared with CoNS – may require a longer exposure time, 
although such duration must be carefully managed in vivo to 
avoid tissue damage. 

Unexpected positive cultures do not appear to 
negatively impact either clinical outcomes or infection rates.60 

However, in shoulder arthroplasty surgery, where most PJIs 
are attributed to intraoperative contamination, the routine 
use of irrigation should be considered, as it is generally 
safe, quick, and cost-efective. From a practical standpoint, 
several procedural aspects should be carefully considered. 
First, due to the beach-chair position, positioning the arm 
parallel to the foor is essential to ensure even distribution 
within the joint. Second, irrigation should be followed by a 
saline rinse to minimize any potential cytotoxic efects. Third, 
if irrigation is performed at the end of a surgical procedure 
other than arthroplasty, the solution should remain in contact 
with the tissues for no longer than one minute to avoid 
potential cartilage damage.76 Fourth, irrigation during the 
procedure should be approached cautiously when cemented 
implants are used, as adverse efects on cement application 
and bone fxation have been documented;77,78 if the surgeon 
wants to perform an irrigation with povidone-iodine before 
cementing, the intramedullary bone surface should be further 
washed with saline solution and carefully dried (which may 
not be straightforward in surgery where a tourniquet cannot 
be used). If lavage with povidone-iodine is performed after 
cementing, the surgeon should wait for complete polymeriza-
tion of the cement. 

This study has several limitations. First, we cannot 
defnitively state that additional intraoperative irrigation 
reduces the risk of infection. Second, the patient sample size 
is limited; however, the substantial number of intraoperative 
specimens collected in this study, together with the signifcant 
p-values obtained, reinforces the robustness of our results. 
Third, due to ethical considerations regarding the enrolled 
patients, no control group was included. Given the evidence 
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from hip and knee surgeries demonstrating that povidone-
iodine lavage is a safe and efective method for reducing 
infection rates (and considering that the aerobic bacteria 
responsible for shoulder infections are similar), we considered 
it unethical to exclude a group of patients from this procedure. 
Fourth, the irrigation with povidone-iodine was followed by 
irrigation with normal saline before collecting the second set 
of samples. This was done to test the actual surgical feld 
environment at the end of the entire surgery, however this 
means that we cannot exclude a potential mechanical role 
of the normal saline irrigation. Considering that irrigation 
with povidone likely has not only a chemical but also a 
mechanical efect (since hundreds of ml of saline are typically 
used to obtain enough solution with 0.35% dilution to fully 
irrigate the entire joint), we do not believe that adding a fnal 
irrigation with just saline would make a signifcant difer-
ence. Finally, although this practice is likely to be benef-
cial in other shoulder procedures, its efectiveness cannot 
be generalized beyond RTSA. This specifc procedure was 
selected to minimize potential biases arising from diferences 
in surgical types (e.g. duration). 

Intraoperative irrigation with povidone-iodine followed 
by normal saline irrigation at the end of RTSA surgery has 
emerged as a promising, cost-efective, and safe strategy to 
reduce microbial contamination and potentially lower the risk 
of PJI. Nevertheless, the signifcant presence of C. acnes in 
the surgical feld at the end of the procedure highlights the 
need for additional research to explore whether modifcations 
to dosage, exposure time, or antiseptic type can enhance 
the efcacy of intraoperative lavage. Finally, a comprehensive 
characterization of the isolated strains through the analysis of 
virulence factors will be essential to better defne the shoulder 
microbiome. 
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