
Ann R Coll Surg Engl 2007; 89: 605–608 605

Operating department staff are usually required to wear
dedicated theatre shoes whilst in the theatre area. Many studies
have assessed the effects of laminar flow,1–5 prophylactic
antibiotics,6 surgical drapes and theatre staff attire7–13 but there is
little evidence to support the use of theatre shoes.

Previous studies have noted that a proportion of the air-
borne bacteria within theatres are redispersed floor bacte-
ria.14 Modern operating theatres with laminar flow and high
air turnover rates minimise this risk. However, airborne
wound contamination remains a concern in those receiving
implants where the sequelae of infection are disastrous.
The clean appearance of theatre shoes has been shown to
be an unreliable indication of bacterial contamination.15

We conducted a study to assess bacterial contamination
of 100 shoes used by theatre staff. Of the shoes tested, half
were everyday shoes used by staff outside the theatre com-

plex, the remainder comprised designated theatre shoes
tested at the beginning and end of a working day.

In our institution, with an infection incidence of 1% for
primary lower limb arthroplasty,16,17 no specific shoe-clean-
ing protocol exists and staff are responsible for cleaning
their shoes when they see fit. Theatre shoes are prohibited
from being worn outside the theatre complex but outdoor
shoes are worn by staff in the main theatre corridor and
reception to gain access to the changing rooms. Once wear-
ing theatre shoes, staff are obliged to walk through these
areas again to get to the operating theatres.

We, therefore, had two main hypotheses: (i) there would
be no significant difference between the bacterial contami-
nation of outdoor and indoor shoes; and (ii) theatre shoes
were likely to become more contaminated towards the end
of a working day.
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ABSTRACT

INTRODUCTION Operating department staff are usually required to wear dedicated theatre shoes whilst in the theatre area but
there is little evidence to support the beneficial use of theatre shoes.

PATIENTS AND METHODS We performed a study to assess the level of bacterial contamination of theatre shoes at the beginning
and end of a working day, and compared the results with outdoor footwear.

RESULTS We found the presence of pathogenic bacterial species responsible for postoperative wound infection on all shoe
groups, with outdoor shoes being the most heavily contaminated. Samples taken from theatre shoes at the end of duty were
less contaminated than those taken at the beginning of the day with the greatest reduction being in the number of coagulase-
negative staphylococcal species grown. Studies have demonstrated that floor bacteria may contribute up to 15% of airborne
bacterial colony forming units in operating rooms. The pathogenic bacteria we isolated have also been demonstrated as con-
taminants in water droplets spilt onto sterile gloves after surgical scrubbing.

CONCLUSIONS Theatre shoes and floors present a potential source for postoperative infection. A combination of dedicated theatre
shoe use and a good floor washing protocol controls the level of shoe contamination by coagulase-negative staphylococci in particular.
This finding is significant given the importance of staphylococcal species in postoperative wound infection.
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Patients and Methods

The setting for the study was the Avon Orthopaedic Centre
where elective orthopaedic procedures, predominantly
joint arthroplasty, are performed. No emergency or out-of-
hours work is performed. Staff with a contract exceeding 1
year are provided with dedicated theatre shoes. Temporary
staff provide their own shoes or use those designated for
visitors.

Ward staff and theatre porters are not required to change
from outdoor shoes when accompanying a patient into the
anaesthetic room adjacent to the operating theatre.
Overshoes are not used.

An initial pilot study with three sub-groups of 10 was
performed to assess the data set required to achieve statis-
tical significance. Four weeks later the remaining data
(three sub-groups of 40) were collected using the same
methodology. Theatre staff were not informed of the study
to prevent bias from altered shoe cleaning practices.

Shoes were chosen at random from theatre changing
rooms at the beginning of a working day. Outdoor shoes and
theatre shoes were selected and a microbiological swab
(APTACA Sterile Transport Swab) taken from the sole.
Swabs were taken directly to the microbiology department
for processing. That evening once theatres had closed,
swabs were taken again from these theatre shoes having
been used by staff during the day. These samples were
taken directly to the microbiology department.

Microbiology staff were blinded as to the source of the
swabs. Swabs were put onto a half dish of blood agar
(Oxoid, Basingstoke, UK) and spread using a loop. After 18-
h incubation at 37°C in air, colony counts were taken,
macroscopic appearances noted and suspected staphylo-
coccal colonies tested for the presence of coagulase.
Antibiotic sensitivities were not assessed.

The chi-square test for contingency tables was employed
to analyse the data.

Results

The outside shoes had the greatest bacterial contamination
with the majority of specimens (88%) positive for at least
two bacterial species (Table 1). Coagulase-negative
staphylococci made up the majority of the isolates followed
by Bacillus and coliform species. Diptheroid, Neisseria and
Micrococci species were also isolated (Table 2). One shoe
swab demonstrated no growth.

Among the morning theatre shoe samples, 32% (16/50)
demonstrated no bacterial growth. The majority, however,
(48%) were positive for at least one bacterial species.
Coagulase-negative staphylococci were the commonest iso-
late followed by coliform and Bacillus species. Diptheroid
species were isolated on one shoe.

The end-of-day theatre shoes swabs were the least con-
taminated of the three sample groups with 44% (22/50) of
shoes returning no bacterial growth. Of those with positive
cultures, 50% (25/50) grew one bacterial species with
Gram-negative Bacilli species being the commonest isolate,
followed by coagulase-negative staphylococci. Diptheroid
species were found on two shoes.

Contamination was found on 98% of outdoor shoes, 68%
of morning theatre shoes, and 56% of end-of-day theatre
shoes. The difference of the contamination level between
the outdoor shoes and morning theatre shoes was statisti-
cally significant (P = 0.000065) as was the difference of out-
door and end-of-day theatre shoes (P = 0.00001). However,
with the current number of samples, no meaningful differ-
ence was seen between morning and end-of-day theatre
shoes (P = 0.22).

Discussion

Postoperative infection is of concern in all surgery but
particularly operations such as joint arthroplasty where the

Bacterial species Outside Theatre Shoes
isolated shoes Morning End-of-day

Coagulase-negative

Staphylococcus 35 22 11

Coliforms 24 18 14

Bacillus spp. 25 4 4

Diptheroid spp. 1 1 2

Neisseria spp. 1 0 0

Micrococcus spp. 1 0 0

Table 2 Total number of each bacterial species isolated
per sample group

Number of Outside Theatre Theatre
species shoes shoes shoes
isolated Morning End-of-day

No growth 1 16 22
1 5 24 25
2 24 9 3
3 15 1 0
> 3 5 0 0

Table 1 Number of bacterial species per shoe in each
sample group

Figure 1
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result of infection can be disastrous. The presence of
foreign material, such as implants, results in a 6-fold
reduction in the quantity of inoculates required to initiate
infection, such that only a few bacterium may result in
sepsis.18 Implant material also increases the risk of sepsis
from bacteria of low pathogenicity which are not otherwise
associated with wound infection.4,19

The major cause of deep postoperative wound sepsis is
contamination from airborne colony forming units (CFUs), as
well as contaminated equipment or gloves placed in the
wound20 and direct inoculation from skin adjacent to the inci-
sion. The majority of airborne contamination originates from
skin squames from patients8 and the surgical team10 with the
concentration of CFUs in the operating theatre shown to be
proportional to the activity and numbers of people present.

Since Charnley’s work in the 1960s, evidence has amassed
to support the use of laminar flow, occlusive drapes, disposable
surgical gowns and prophylactic antibiotics. These measures
have helped reduce infection rates to as low as 0.6% versus
1.5% in traditionally ventilated theatres.2 However, there
remains little evidence supporting the use of dedicated theatre
shoes.

Floor bacteria have been shown to account for up to 15% of
airborne CFUs with walking contributing to their redispersal
from floor to air.14 Disinfection of hospital ward floors demon-
strated only temporary benefit with rapid recolonisation21

highlighting the need to prevent recontamination from air,
shoes and other objects. However, current thought is that the
infection risk from floor bacteria is small and there is little ben-
efit from rigorous enforcement of transfer areas and changing
trolleys when taking patients to theatre.22

The use of overshoes has been contentious with some stud-
ies demonstrating no difference in theatre-floor contamination
with their use when compared to outdoor shoes23 and other
studies showing a benefit.24 Nagai et al.25 demonstrated
increasing rates of bacterial contamination with proximity to
areas where footwear is changed and concerns have been
raised regarding the transfer of floor bacteria to hands with
overshoe use.22

Our results demonstrate that dedicated theatre shoes are
less contaminated than outdoor shoes. The study also demon-
strates that even without regular shoe cleaning, contamination
levels appear to be controlled and, indeed, decrease during the
course of the day. It is likely that bacterial colonies then multi-
ply overnight, hence the difference found between the morn-
ing and afternoon samples although this difference failed to
achieve statistical significance.

It is likely that this reduction may result from exposure to
floor detergents during the course of the day. In our institution,
the general corridors and areas outside the operating rooms
are cleaned by domestic staff every evening. The operating
theatres are cleaned at the conclusion of the day’s list by the
theatre staff. The area around the operating table, within the

laminar flow is cleaned after every case. In all cases, D1 Plus
(Johnson Diversey) 30 ml in 5-l of warm water is used.

Of note is the decreased level of contamination by coagu-
lase-negative staphylococcal species in particular, as these
have been shown to represent the commonest pathogen in
infections complicating lower limb arthroplasty at our16,17 and
other26 institutions. The presence of coagulase-negative
staphylococci on theatre shoes and within postoperative
wounds suggests a possible common pathway. Coagulase-neg-
ative staphylococci, Micrococcus spp. and coliforms have been
isolated from water droplets spilt by surgeons after meticulous
surgical scrubbing.27 The same study further demonstrated
that Gram-positive bacteria within these droplets can pene-
trate paper packaging to contaminate sterile gloves within.

We also isolated coliform, Bacilli, Diptheroid, Neisseria and
Micrococci species from theatre shoes. All of these have been
demonstrated to result in lower limb arthroplasty infection.3,4,26

There are a number of deficiencies in our study. We can-
not comment on the level of shoe contamination at the time
operative procedures were being performed. Our study also
provides no information on the degree of wound contami-
nation originating from theatre shoes, an area that remains
to be investigated.

Conclusions

This study supports the use of dedicated theatre shoes by
surgical staff involved in implant surgery, given the
attendant risks of postoperative infection. Our study
demonstrated the presence of pathogenic bacteria on
theatre shoes.

Bacteria on theatre shoes contribute to a proportion of
airborne CFUs within theatre and will contribute to hand
contamination of theatre staff when being put on at the
beginning of duty. Whilst this contribution is likely to be
small, it is intuitive that heavy contamination should be
avoided and our results suggest a potential common path-
way from floor to wound via either airborne CFUs or con-
tact from shoe to hand with subsequent droplet contamina-
tion of gloves after scrubbing.

Acknowledgement

The authors thank the staff of Avon Orthopaedic Centre and
Southmead Microbiology Department for their assistance.

References
1. Charnley J. Postoperative infection after total hip replacement with special ref-

erence to air contamination in the operating room. Clin Orthop 1972; 87: 167.

2. Lidwell OM, Lowbury EJL, Whyte W, Blowers R, Stanley SJ, Lowe D. Effect of

ultraclean in operating rooms on deep sepsis in the joint after total hip or knee

replacement: a randomised study. BMJ 1982; 285: 10–4.

3. Wiley AM, Barnett M. Clean surgeons and clean air. Clin Orthop 1973; 96:



AMIRFEYZ TASKER ALI BOWKER BLOM THEATRE SHOES – A LINK IN THE COMMON PATHWAY OF
POSTOPERATIVE WOUND INFECTION?

Ann R Coll Surg Engl 2007; 89: 605–608608

168–75.

4. Nelson JP, Glassburn AR, Talbott RD, McElhinney JP. Clean room operating

rooms. Clin Orthop 1973; 96: 179–87.

5. Ritter MA, Eitzen HE, French MLV, Hart JB. The effect that time, touch and

environment have upon bacterial contamination of instruments during surgery.

Ann Surg 1976; 184: 642–4.

6. Lidwell OM, Elson RA, Lowbury EJ, Whyte W, Blowers R, Stanley SJ et al.

Ultraclean air and antibiotics for prevention of postoperative infection. Acta

Orthop Scand 1987; 58: 4–13.

7. Bergman BR, Hoborn J, Nachemson AL. Patient draping and staff clothing in

the operation theatre: a microbiological study. Scand J Infect Dis 1985; 17:

421–6.

8. Bethune DW, Blowers R, Parker M, Pask EA. Dispersal of Staphylococcus

aureus by patients and surgical staff. Lancet 1965; 2: 480–3.

9. Blomgren G, Hoborn J, Nystrom B. Reduction of contamination at total hip

replacement by special working clothes. J Bone Joint Surg Br 1990; 72:

985–7.

10. Blowers R, McCluskey M. Design of operating-room dress for surgeons. Lancet

1965; 2: 681–3.

11. Mitchell NJ, Gamble DR. Clothing design for operating-room personnel. Lancet

1974; 2: 1133–6.

12. Ritter M, Eitzen HE, Hart JB, French MLV. The surgeon’s garb. Clin Orthop

1980; 153: 204–9.

13. Whyte W. The role of clothing and drapes in the operating room. J Hosp Infect

1988; 11: 2–17.

14. Hambraeus A, Bengtsson S, Laurell G. Bacterial contamination in a modern

operating suite. 3. Importance of floor contamination as a source of airborne

bacteria. J Hygiene (Lond) 1978; 80: 169–74.

15. Thomas JA, Fligelstone LJ, Jerwood TE, Rees RWM. Theatre footwear: a health

hazard? Br J Theatre Nurs 1993; 3: 5–6,9.

16. Blom AW, Taylor AH, Pattison G, Whitehouse S, Bannister GC. Infection after

total hip arthroplasty. J Bone Joint Surg Br 2003; 85: 956–9.

17. Blom AW, Brown J, Taylor AH, Pattison G, Whitehouse S, Bannister GC.

Infection after total knee arthroplasty. J Bone Joint Surg Br 2004; 86: 688–91.

18. Elek SD, Conen PE. The virulence of Staphylococcus pyogenes for man. a study

of the problems of wound infection. Br J Exp Pathol 1957; 38: 573–86.

19. Lidwell OM, Lowbury EJL, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne

contamination of wounds in joint replacement operations: the relationship to

sepsis rates. J Hosp Infect 1983; 4: 111–31.

20. Ritter MA. Operating room environment. Clin Orthop 1999; 369: 103–9.

21. Ayliffe GA, Collins BJ, Lowbury EJL. Cleaning and disinfection of hospital

floors. BMJ 1966; 1: 442–5.

22. Ayliffe GAJ, Collins BJ, Taylor LJ. Hospital-acquired Infection; Principles and

Prevention, 2nd edn. London: Wright, 1990; p 124.

23. Humphreys H, Marshall RJ, Ricketts VE, Russell AJ, Reeves DS. Theatre over-

shoes do not reduce operating theatre floor bacterial counts. J Hosp Infect

1991; 17: 117–23.

24. Copp G, Slezak L, Dudley N, Mailhot CB. Footwear practices and operating

room contamination. Nurs Res 1987; 36: 366–9.

25. Nagai I, Kadota M, Takechi M, Kumamoto R, Ueoka M, Matsuoka K et al.

Studies on the mode of bacterial contamination of an operating theatre corridor

floor. J Hosp Infect 1984; 5: 50–5.

26. Al-Maiyah M, Hill D, Bajwa A, Slater S, Patil P, Port A et al. Bacterial contami-

nants and antibiotic prophylaxis in total hip arthroplasty. J Bone Joint Surg Br

2005; 87: 1256–8.

27. Heal JS, Blom AW, Titcomb D, Taylor A, Bowker K, Hardy JRW. Bacterial con-

tamination of surgical gloves by water droplets spilt after scrubbing. J Hosp

Infect 2003; 53: 136–9.


