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ABSTRACT

Introduction: The use of intraoperative vancomycin powder as prophylaxis in spine surgery, as well as in knee and hip
surgery, has been well established in the literature, but evidence is lacking regarding the role of its use in shoulder
arthroplasty. This study aims to compare the infection rates between patients undergoing shoulder arthroplasty with
intraoperative use of vancomycin powder and those managed with the standard protocol without local antibiotic applica-
tion.

Methods: \\We designed a retrospective controlled study, including all patients submitted to shoulder arthroplasty in our
Orthopedics Department between 2018 and 2020. We divided them into two groups: the intervention group, which re-
ceived the powder, and a control group. The intervention technique consisted of using 1 g of vancomycin powder directly
between all bone and metal interfaces and between all implant interfaces during surgery, and deeply into the muscular
planes, before wound closure. Data contained in clinical files were collected, summarily, use of vancomycin powder, need
for revision, and suspected infection, according to clinical and analytical criteria (EBJIS).

Results: Ninety-five patients were included, divided into an intervention group of 39 patients and a control group of 56
patients. Mean surgery duration in the study group was 103 * 30 minutes, and in the control group was 145 + 40
minutes (p>0.05). The rate of infection was 2.1 1%, occurring in the control group, concerning trauma cases. No infec-
tions were found in the vancomycin group. An association between infection and the absence of prophylactic vancomy-
cin powder use was not statistically significant (p=0.514]).

Conclusion: The use of local vancomycin powder might be a reasonable option for infection prevention in shoulder
arthroplasty.
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RESUMO

Introducéo: O uso intraoperatoério de vancomicina em pé como medida profilatica na cirurgia da coluna vertebral, bem

como na cirurgia do joelho e da anca, encontra-se bem estabelecido na literatura. Contudo, a evidéncia relativa ao seu

papel na artroplastia do ombro € ainda escassa. Este estudo teve como objetivo comparar as taxas de infec&o entre

doentes submetidos a artroplastia do ombro com aplicacdo intraoperatoéria de vancomicina em poé e doentes tratados

segundo o protocolo convencional, sem aplicacéo local de antibidtico.

Métodos: Foi realizado um estudo retrospetivo controlado, que incluiu todos os doentes submetidos a artroplastia do
ombro no nosso Servico de Ortopedia entre 2018 e 2020. Os doentes foram divididos em dois grupos: um grupo de
intervencao, no qual foi usada vancomicina em p6, e um grupo de controlo. A técnica de intervencao consistiu na aplicacdo

de 1 g de vancomicina em p6 diretamente em todas as interfaces entre o 0sso e 0s componentes metalicos e entre

as diferentes interfaces dos implantes durante a cirurgia, bem como em profundidade nos planos musculares, antes

do encerramento da ferida cirdrgica. Foram recolhidos dados dos processos clinicos, nomeadamente relativos ao uso

de vancomicina em pg, a necessidade de cirurgia de reviséo e a suspeita de infecao, de acordo com critérios clinicos e

analiticos da European Bone and Joint Infection Society (EBJIS).

Resultados: Foram incluidos 95 doentes, dos quais 39 integraram o grupo de intervencéo e 56 o grupo de controlo.

A duracéo media da cirurgia foi de 103 + 30 minutos no grupo de intervencao e de 145 £ 40 minutos no grupo
de controlo [p > 0,058). A taxa global de infecao foi de 2,1 1%, tendo todos os casos ocorrido no grupo de controlo
e em doentes submetidos a cirurgia por traumatismo. Nao foram registadas infecdes no grupo em que foi utilizada

vancomicina em po. A associacao entre a ocorréncia de infecdo e a auséncia de utilizacdo profilatica de vancomicina em

po6 nao foi estatisticamente significativa (p = 0,514]).

Concluséo: A aplicacéao local de vancomicina em pé podera constituir uma opcéo para a prevencao da infecdo em

doentes submetidos a artroplastia do ombro.

Palavras-chave: Articulacdo do Ombro; Artroplastia do Ombro; Complicacdes Pés-Operatérias,/ prevencao & controlo;

Infecées Relacionadas com Prétese/prevencéo & controlo; Profilaxia Antibidtica; Vancomicina,/uso terapéutico

INTRODUCTION

Infection after shoulder arthroplasty, although relatively un-
common with reported rates between 0.6% and 2.5%, rep-
resents a serious complication associated with increased
morbidity, prolonged hospitalization, and significant function-
al impairment, emphasizing the critical need for effective
prophylactic strategies.”® Given the increasing prevalence
of shoulder arthroplasty procedures in aging populations
and younger, more active patients, there is a growing im-
perative to optimize perioperative strategies that minimize
infection risk while preserving functional outcomes and im-
plant longevity.

Suspicion for infection should be raised when a patient
presents with a stiff and painful shoulder, even if cultures
obtained after arthrocentesis fail to identify a pathogen, in-
flammatory markers remain within normal limits, and radio-
graphs are inconclusive.* Therefore, diagnosing infection in
shoulder arthroplasty patients is often challenging, as clinical
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signs may be subtle or absent despite persistent infection.
To aid the diagnosis, the European Bone and Joint Infection
Society (EBJIS) criteria® classify infection as unlikely, likely, or
confirmed based on clinical signs, synovial fluid analysis, and
microbiology. Key indicators include sinus tract presence, el-
evated synovial white cell count, positive cultures from mul-
tiple samples, and histopathological evidence. This approach
helps distinguish infection from aseptic failure and supports
clinical decisions.

Equally important as identifying periprosthetic joint infec-
tions is implementing evidence-based prevention strategies
to reduce infection risk. Various approaches have been
described to mitigate the risk of infection, including preop-
erative optimization and strict aseptic techniques.®” Local
antibiotic prophylaxis has emerged as a promising adjunct
to conventional infection prevention measures.* Specifical-
ly, intraoperative vancomycin powder has demonstrated
well-established efficacy as a prophylactic agent in spine,



knee, and hip surgery®'® However, evidence remains lim-
ited regarding the efficacy and safety of local vancomycin
application in shoulder arthroplasty." To further investigate
this area, this study was designed to evaluate the impact
of intraoperative local vancomycin powder on the incidence
of postoperative infections following shoulder arthroplasty.
The main outcome was defined as the rate of periprosthetic
joint infections occurring within the specified follow-up peri-
od, assessed by established clinical and laboratory criteria
to determine the effectiveness of intraoperative local van-
comycin powder application in reducing infection incidence
after shoulder arthroplasty.

MATERIAL AND METHODS

We conducted a retrospective controlled study, including all
patients submitted to shoulder arthroplasty in our Ortho-
pedics Department at a tertiary hospital, between January
2018 and January 2020. The study groups were defined
based on the surgeon and treatment approach: the inter-
vention group consisted of patients operated on by a sin-
gle surgeon who applied intraoperative vancomycin powder,
while the control group included patients operated on by two
different surgeons who did not use vancomycin powder. All 3
surgeons are specialized shoulder surgeons and follow simi-
lar aseptic technigues.

The minimum required follow-up period for enrollment was 6
months, ensuring adequate monitoring. This postoperative
window enabled the detection of both early and late peri-
prosthetic joint infections. No distinction was made between
deep and superficial infections. The distinction between su-
perficial and deep infections was not made, as they share
the same risk factors and have similar clinical implications.

The dose of vancomycin powder was standardized at 1 g
for all cases, regardless of patient size or implant type. Van-
comycin powder was applied in its pure form directly to all
bone-metal and implant interfaces during surgery, with par-
ticular attention given to delivering the powder deeply into the
muscular planes before wound closure. The powder was not
diluted nor used with any carrier such as calcium sulphate.
After the application, the wound was left dry, and the suction
drain was clamp-sealed for 30 minutes, then opened with-
out vacuum and removed after 12 hours. Although 1 g may
seem limited to distribute across all surfaces, this standard-
ized dosing was chosen to maintain consistency and avoid
excessive local concentrations.

Data contained in clinical files was collected, namely: age,
sex, comarbidities, surgery duration (in which we included

some steps before incision such as anesthesia procedures,
disinfection of the entire arm and shoulder from the neck to
the fingertips and application of all drapes), length of hos-
pitalized stay, surgery indication, need for revision and ex-
istence of infection, according to clinical, radiographic and
analytical criteria.® Additionally, an active search for toxicity
and vancomycin-related allergies was also performed.

All statistical analyses were performed using SPSS soft-
ware (version 26; IBM, Armonk, NY, USA). For all continu-
ous and categorical variables, descriptive statistics were
calculated. Continuous variables were reported as weighted
mean and estimated standard deviation or median and in-
terquartile range (IQR), based on normal distribution, where-
as categorical variables were reported as frequencies with
percentages. Categorical variables were processed using
Fisher’s exact test or the chi-square test, depending on the
count of cells. The independent or paired t-test for normally
distributed variables and the nonparametric Mann-\Whitney
U test, or Wilcoxon signed-rank test, were used to compare
categorical and continuous variables. Continuous variables
were assessed through the Spearman or Pearson test. To
adjust for potential confounders, a simple logistic regression
analysis was considered. The value of p <0.05 was consid-
ered statistically significant.

Although formal submission to the Ethics Committee was
waived, given the retrospective nature and minimal risk of
this study, institutional approval for the anonymous use of
patient data was obtained in accordance with institutional
and ethical guidelines.

RESULTS

A total of 95 patients underwent shoulder arthroplasty.

The intervention group consisted of 39 patients, while the
control group included 56 patients. The sample comprised
70 (73.7%) female and 25 (26.3%) male patients. The
mean age was 70 years + 10 years. These two characteris-
tics were similar between the two groups.

The mean duration of surgery in the study group was 103
+ 30 minutes, and the median length of stay in the hospital
was B (interquartile range (IGR) 7) days. In the control group,
the mean surgery duration was 145 * 40 minutes, and the
median length of stay was 2 (IGR 4] days. No significant cor-
relation was found between surgery duration [p=0.94] or
length of hospital stay [p=0.484). Table 1 summarizes the
demographic data.
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Tabela 1. Demographic data.

Study Group (Vancomycin)

Control Group
(No Vancomycin)

Patients 39 56

Mean Surgery Duration (minutes) 103 + 30 145 + 40
Median Length of Hospital Stay (days) 6IGR7 218R 4
Infection Cases 0 2

Of the total cases, 46 (48.2%) were performed for prox-
imal humerus fractures; among these, 22 (47.8%) were
classified as Neer 4-part fractures, 14 (30.4%) as 3-part
fractures, and 9 (19.6%) as 2-part fractures. The remaining
49 arthroplasties included 44 (46.6%) cases of rotator cuff

arthropathy, 3 (3.1%) cases performed for avascular necro-
sis, and 2 [2.1%)] for chronic shoulder dislocation. No cor-
relation was found between surgical indication or fracture
classification and the presence of infection (p>0.05). Table 2
gathers this information.

Tabela 2. Surgical indications for performing shoulder arthroplasty.

Number of Cases Additional Details

Neer 4-part: 22

Proximal Humerus Fractures 46 Neer 3-part: 14
Neer 2-part: 9

Rotator Cuff Arthropathy 44

Avascular Necrosis 3

Inveterate Shoulder Dislocation 2

There were four revision cases in our series. One for asep-
tic loosening, another for instability, and the remaining two
were the result of infection, both belonging to the control
group and referring to trauma cases. Samples were collect-
ed and sent for micrabiological culture, which identified the
presence of Propionibacterium acne.

No cases of infection were observed in the control group
treated. However, the association between the absence of
vancomycin prophylaxis and arthroplasty infection did not
reach statistical significance (p=0.514). A simple logistic
regression was performed, adjusting for key confounders,
such as surgery duration and fracture versus non-fracture
indication. We found that surgery duration was slightly
longer in the control group (OR 1.01, 95% CI 1.00-1.02,
p>0.05) and that trauma cases possibly had a higher odd
for infection compared to non-fracture cases (OR 3.5, 95%
Cl1.2-10.2, p>0.05).

No adverse effects, specifically hepatic or kidney toxicity,
were documented from the direct use of the vancomycin
powder. Also, no cases of hypersensitivity were described.

DISCUSSION

Our findings suggest that infection risk is increased in trau-
ma cases, and with longer surgery duration, aligning with
the already published literature. Trauma-related shoulder
arthroplasty has been associated with nearly a threefold in-
creased risk of infection compared to elective procedures,
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likely due to factors such as soft tissue injury and hemat-
oma formation.'® Similarly, prolonged operative time has
been recognized as a contributing factor to surgical site
infections, increasing exposure to potential contaminants
and tissue ischemia."® The authors’ idea of using intrawound
vancomycin powder was based on the published effective
decreased rate of infection in other surgical sites like the
spine, hip, or knee.®'#€ |n fact, there is a recent paper per-
formed in vitro that showed that vancomycin powder was
effective in eradicating C. acnes strains in high concentra-
tions."” Sustained by the evidence available in literature, we
hypothesized that it could be used in shoulder arthroplasties
as prophylaxis.’® Shoulder arthroplasty infections are mainly
caused by Staphylococcus aureus, Staphylococcus epider-
midis, and Propionibacterium acne [or Cutibacterium acne
as it has been recently named), the latter being the most
isolated.®'® Unlike the others, C. acne is a commensal skin
bacterium that is not found in other shoulder tissues.?° This
suggests that infections caused by this microorganism likely
originate from skin contamination. Therefore, one key pre-
ventive strategy is to minimize contact between the metallic
joint components and the skin,2' which is why vancomycin
powder was applied to all implant interfaces during surgery.
All of these bacteria are Gram-positive, so vancomycin is an
effective antibiotic against them. Its chemical properties
allow it to achieve high local bactericidal concentrations,
while exhibiting poor systemic absorption, which reduces
the risk of developing resistance.'® This is particularly im-
portant given that antibiotic resistance is a major public
health concern. Moreover, this is one of the reasons why



systemic complications are reduced. In fact, in a recent
meta-analysis,?® no adverse events were described. Nota-
bly, in vitro studies assessing minimum inhibitory concen-
trations have demonstrated that C. acnes exhibits greater
susceptibility to vancomycin'® than staphylococcal species,
which are more commonly implicated in infections at other
surgical sites. This increase in vitro susceptibility suggests
that vancomycin may be particularly effective in preventing
infections caused by C. acnes in the context of shoulder ar-
throplasty. An additional important consideration is that the
application of vancomycin powder does not involve any extra
procedural steps, thereby not extending the duration of sur-
gery.?® Besides, vancomycin powder is a low-cost and highly
cost-effective option,'®212425 compared to other available
options, such as antibiotic-loaded bone cement. This helps
explain there are high expectations surrounding its use in
clinical practice.

In this study, the rate of infection was 2.11% which is in
line with the published literature,®'" and it is not excessive
to emphasize that in the study group, no cases of infection
were found. To our knowledge, this is the first clinical study
to raise the question of whether vancomycin powder can
be used as a prophylactic agent with positive results. This
study’s strengths lie in addressing an important yet under-
explored topic with a substantial patient cohort and consist-
ent vancomycin application protocol. Comprehensive data
on demographics, comarbidities, and surgical details were
collected, and standardized infection criteria were used to
ensure validity. However, it has some important limitations.
The first one is related to the relatively small sample size that
limits the statistical power to detect significant differences
in infection rates. Furthermore, given the relatively low base-
line infection rate in primary total shoulder arthroplasty, the
number of patients necessary to enroll in any prospective
study to demonstrate the effect of the powder application
is unreasonable,* which can underpower the results. Ulti-
mately, the results are exploratory rather than confirmato-
ry, and the paper analysis has to be made with caution. The
second limitation pertains to the study’s retrospective and
non-randomized design, which introduces potential bias due
to patient allocation by surgeon. Specifically, the intervention
and control groups were treated by different surgeons who
may vary in surgical technique and infection control proto-
cals, thereby confounding the observed outcomes and lim-
iting the internal validity of the study. Thirdly, the retrospec-
tive design inherently restricts control over confounding
variables and data completeness. Overall, we consider that
this paper can be an important guide for future research on
this field, though the appointed factors restrict the strength
of its conclusions. More robust prospective, randomized,

and adequately powered studies are needed to definitively
assess the safety and efficacy of local vancomycin powder in
shoulder arthroplasty infection prevention.

CONCLUSION

As shown by these preliminary results, the use of local van-
comycin powder appears to be a reasonable option for pre-
venting infections in shoulder arthroplasty, and it is not relat-
ed to medical complications.
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