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Abstract

Introduction: Surgical site infections (SSIs) remain significant healthcare
challenges. This study investigates the cleanliness of patient footwear in an
ophthalmic day surgery setting. Methods: An observational study was con-
ducted over a period of 8 weeks. A total of 94 patients were included. Shoe
cleanliness was graded according to an in-house standardized system. Other
data included shoe type, contamination, weather conditions, and demographics.
Logistic regression analyses were used to identify trends. Results: Poor shoe
hygiene (contamination) was more common in males (OR = 2.89, 95% CI:
1.18 - 7.09) and surprisingly during sunny weather conditions (OR = 1.31, 95%
CL: 0.57 - 3.03). Smart shoes were the most frequently worn type (n = 19),
primarily by females in sunny conditions, while sneakers were more common
among males in rainy conditions. No complications/infections were identified
during follow-up. Conclusions: This study highlights an area of infection con-
trol that has received relatively little attention. The study demonstrates that
shoes entering an operating environment are not infrequently soiled particu-
larly in poor weather and in men. It is suggested that simple interventions such
as overshoes or disposable slippers could enhance cleanliness and potentially
improve patient safety with relatively little cost.
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1. Introduction

Surgical site infections (SSIs) are a significant healthcare challenge, leading to in-
creased patient morbidity, extended hospitalizations, and elevated healthcare ex-

penditures. Among the myriad factors influencing the risk of SSIs one which has
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attracted relatively little attention to date is the cleanliness of patient footwear in
the operating room (OR) environment.

The potential for footwear to act as a conduit for microbial dissemination has
been previously reported in medical personnel by Treakle ez a/ (2009) who found
that 55% of shoes are to be contaminated with methicillin-resistant * Staphylococ-
cus aureus® (MRSA) [1]. Similarly, another study demonstrated that disposable
shoe covers, when in contact with the surgical floor, accumulated significant bac-
terial loads, including live pathogens [2]. Tateiwa et al (2020) investigated the
impact of surgical clothing and footwear upon OR contamination, and the role of
intraoperative movements in elevating airborne particle concentrations, finding a
20-fold increase in particle generation induced by movements [3]. Similarly, Bro-
hus, Balling and Jeppesen (2006) reported a 10-fold increase in particle concen-
tration due to personnel activity [4].

This study endeavours to document the cleanliness of patient footwear in an

ophthalmic day surgery setting and to highlight the potential impact.

2. Methods
2.1. Study Design and Setting

This quantitative, observational study was conducted in the day surgery unit at
Singleton Hospital (Swansea, Wales). Data was collected from March 7, 2024, to
April 25, 2024. Included were patients undergoing operations that did not require
removal of shoes.

2.2. Participants

94 patients scheduled for ophthalmological surgery.

2.3. Data Collection

Shoes were inspected and graded according to a standardized grading system (Ta-
ble 1) at the time of entering the OR. Grading was performed by two trained grad-

€rs.

Table 1. Grading system for shoe hygiene.

Grade Description of shoe Criteria

. ., Shoes are visibly clean and free from dirt. Soles and
Clean—No foreign material

A treads are free from visible debris. Laces and insoles

present
are clean.

B Trace of foreign material ~ Traces of foreign material present upon close
present inspection of any of soles, uppers, laces

c Foreign material obviously Obvious foreign material present without close
present inspection of any of soles, uppers, laces.
Heavy contamination with

D Vy . Obvious and excessive foreign material present.
foreign material

E Very heavy contamination Obvious and excessive foreign material present—
with foreign material leaves trails on floor
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In addition, the type of shoe and type of foreign material present was recorded;
rainwater/puddle mess, mud, sand/stones/grit, animal waste, or undetermined.
Other data collected included; patient demographics, weather conditions and time

of day.

2.4. Post-Operative Infection Follow-Up

Possible post-operative infections were detected/excluded by review of the eye ser-

vice triage records at six weeks.

2.5. Data Analysis

Descriptive statistics were used to summarize the distribution of shoe hygiene
grades and types of contaminants. Chi-square tests were performed to examine
associations between shoe hygiene grades and potential influencing factors such
as weather conditions, time of day, or patient demographics. A multivariate lo-
gistic regression analysis was conducted to identify significant predictors of poor
shoe hygiene (defined as grades C, D, or E). Variables included in the model were
patient age, gender, weather conditions, and day of the week. The reference cate-
gories were female gender and sunny weather. Inter-rater reliability between the
two shoe graders was assessed using Cohen’s kappa coefficient. Statistical signifi-

cance was set at p < 0.05 for all analyses.

2.6. Ethical Considerations

As this was an observational study that did not involve any interventions or changes

to standard patient care, formal ethical approval was not required.

3. Results

Table 2 summarizes key findings and presents age distribution data for the overall
patient population and by gender, along with logistic regression results analysing
the relationship between shoe hygiene where grades A and B were compared to C,
D and E and factors such as weather conditions and patient gender. The data pro-
vides insights into potential risk factors for poor shoe hygiene among ophthal-
mology patients, which may have implications for infection control practices in

clinical settings.

Table 2. Shoe hygiene patient demographics and logistic regression of parameters.

Age Distribution
Overall Range 29 - 91 years
Overall Mean 72.5 years

Age Distribution by Gender

Males (n = 29) Mean: 71.17 years (SD: 10.76)
Females (n = 66) Mean: 72.95 years (SD: 11.03)
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Continued

Logistic Regression Results

Predictor QOdds Ratio (95% CI)

Rainy/wet weather 0.76 (0.33 - 1.76)

Sunny weather 1.31 (0.57 - 3.03)

Male gender 2.89 (1.18 - 7.09)

Furthermore, the Cohen kappa score of 0.76 indicates that there was good
agreement between the two reviewers.

The most common types of shoes observed among the 94 patients were smart
shoes (n = 19), sneakers (n = 17), boots (n = 16) leather slip-ons (n = 10), runners
(n =10), sandals (n = 8), sliders (n = 3), pumps (n = 5), and trainers (n = 7). Smart
shoes were more commonly worn by females (n = 12) and sneakers more com-
monly by males (n = 10). Smart shoes were predominantly worn in sunny and dry
conditions (n = 14), while sneakers were more common in rainy/wet conditions
(n = 10). Furthermore, leather smart shoes were found to be more prone to re-
taining dirt and mud compared to mesh or fabric uppers of sneakers, and shoes
with textured soles were more likely to have embedded debris than those with
smooth soles. Older/worn-out shoes also showed greater signs of contamination.

Table 3 provides a detailed analysis of shoe hygiene categorized by weather
conditions and gender. The data highlights that Grade B is the most common
across all categories, indicating generally clean shoes. There is a suggestion that
rainy conditions were associated with slightly more debris. In contrast to the vis-
ual summary of the table, the logistic regression analysis revealed that male gender

was significantly associated with poorer shoe cleanliness.

Table 3. Shoe hygiene grades by gender and weather conditions.

Weather Gender Grade A GradeB GradeC GradeD GradeE
Female 1 19 7 1 0
Sunny

Male 1 13 9 3 0
Sunny with Female 0 11 6 0 0
Intermittent Showers  Male 0 8 8 1 0
Female 0 27 9 0 0

Rainy/wet
Male 0 9 5 1 0

3.1. Most Common Shoe Contaminants

The most common contaminants found were mud, stones, and dirt. Other con-

taminants included chewing-gum, rocks, and indeterminate waste.

3.2. Post-Operative Patient Contacts

A total of 15 patients contacted the eye services with post-operative complaints
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within six weeks of their surgery date. Complaints reported included; slight pain
and swelling, inflammation and redness, photophobia, headaches, vision changes
(such as floaters and flashing lights), and minor trauma-related issues. No post-

operative infections were identified.

4. Discussions

This study is the first to report upon the patterns in shoe hygiene among patients
entering an ophthalmic operating room (OR). Most shoes in this study were in
good condition but as expected gender differences were observed, with females
more likely to wear smart shoes and males more likely to wear sneakers [5] [6].
Weather conditions affected shoe cleanliness, though the finding that poor hy-
giene was less likely in rainy conditions was not statistically significant identified
in other work [7] [8]. These findings also suggest that the choice of shoe materials
and design can significantly influence their hygiene [9] [10]. In addition, the study
also demonstrated that male gender was associated with poorer shoe cleanliness.

Given the study’s relatively small sample size and an expected post-operative
endophthalmitis rate of between 0.04% to 0.2% following cataract surgery [11]-
[13], conclusions related to infection rates were unrealistic; however, for com-
pleteness, screening for post-operative infections was performed, yielding no in-
fections.

This study highlights an important and probably largely overlooked aspect of
day-case surgery, in that patients, their clothing and hygiene, including the state
of their shoes, probably constitute what has become an “acceptable” infection risk
for which there currently appears little mitigation. Whilst we appreciate that even
a very large study may fail to identify a causal link between the state of shoe con-
tamination and post-operative outcomes, it is proven beyond doubt that cleanli-
ness matters in the operating room environment. It takes no great leap of faith to
extend this cleanliness to the patient. How far this is taken is the question, but
from our observations, it is clear that improvements could be made, for example,
removing outdoor shoes and providing disposable slippers or more simply by
providing clean overshoes. These measures are supported by guidelines from the
Centres for Disease Control and Prevention (2017) and the World Health Organ-
ization (2016) [14] [15]. Of course, these suggestions do nothing for other aspects
of patient cleanliness/hygiene which are also probably worthy of investigation in
their own right.

This study had several limitations, including its observational design and the
relatively small sample size, but it serves very simply to highlight a potential prob-
lem which is right under our patients’ feet and for which simple measures are

likely to be in every patient’s best interests.
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