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Glove perforation and contamination in
primary total hip arthroplasty

We conducted a randomised, controlled trial to determine whether changing gloves at
specified intervals can reduce the incidence of glove perforation and contamination in total
hip arthroplasty. A total of 50 patients were included in the study. In the study group (25
patients), gloves were changed at 20-minute intervals or prior to cementation. In the
control group (25 patients), gloves were changed prior to cementation. In addition, gloves
were changed in both groups whenever there was a visible puncture. Only outer gloves

were investigated.

Contamination was tested by impression of gloved fingers on blood agar and culture
plates were subsequently incubated at 37°C for 48 hours. The number of colonies and types
of organisms were recorded. Glove perforation was assessed using the water test. The
incidence of perforation and contamination was significantly lower in the study group
compared with the control group. Changing gloves at regular intervals is an effective way
to decrease the incidence of glove perforation and bacterial contamination during total hip

arthroplasty.

Restricting contamination to a minimal level is
vital during joint replacement surgery as infec-
tion is a devastating complication. Glove per-
foration resulting in contamination during
operations occurs in all surgical specialties.
Studies performed in other specialties have
reported an incidence of perforation ranging
from 10% in ophthalmic surgery to 50% in
general surgery." In orthopaedic surgery, the
incidence has been shown to vary depending
on the type of surgery ranging from 14% dur-
ing paediatric procedures to 57% during hip
fracture operations.®>® Studies in other special-
ties have reported an increased incidence of
perforation and contamination associated with
longer duration of surgery.”® The widespread
use of double-gloving has increased the aware-
ness of surgeons to the possibility of glove per-
foration. However, unnoticed perforation
remains a problem and may only be discovered
upon later inspection of the gloves.’

The prevalence of glove contamination dur-
ing preparation and draping for joint replace-
ment varies from 20% to 28%.'% Potential
sources of contamination within the operating
theatre are the patient’s own skin flora as well
as airborne infection from theatre personnel
and environment.'!2 The use of ultra-clean
laminar flow ventilation, sterile hoods and a
body-exhaust system has significantly reduced

airborne contamination.'®> Waterproof gowns
are considered to be more effective against the
transfer of organisms between the patient and
the surgeon.'* Contamination of gloves and
wound by the patient’s own skin flora as well
as the surgeon’s hands is still a problem. In cur-
rent practice, surgeons may change gloves two
to three times during total hip replacement
operations. Gloves are usually changed after
draping and before cementing the acetabular
and femoral components.

The aims of our study were to investigate the
incidence of glove perforation and contamina-
tion during primary total hip arthroplasty,
determine whether changing gloves at specified
intervals can reduce their perforation and con-
tamination, and to identify the strains of con-
taminating bacteria.

Patients and Methods

We performed a randomised, controlled study
of 50 consecutive patients undergoing primary
cemented total hip replacement. All members
of the surgical team wore double gloves, either
Biogel or Biogel Reveal (Regent Medical Ltd,
Cheshire, UK) or Reveal surgical gloves. A
consultant undertook 20 operations in each
group and supervised a specialist registrar in
three operations and a staff grade in two. In
the study group, the outer gloves were changed
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Table I. Number of pairs of gloves used

Study group Control group

Surgeon

Pairs of gloves 120 94

Median (range) 5 (4 to 6) 4 (3 to 6)
Assistant

Pairs of gloves 116 88

Median (range) 5(2to 6) 3(2to 6)
Nurse

Pairs of gloves 118 91

Median (range) 5 (4 to 6) 4(2to 6)

Table Il. Glove perforation percentages

Study group Control group

Pairs of gloves Pairs with perforations (%) Pairs of gloves Pairs with perforations (%) p value*
Surgeon 120 5(4.2) 94 11(171.7) 0.04
Assistant 116 4(3.4) 88 6 (6.8 0.27
Nurse 118 6 (5.1) 91 15 (16.5) 0.01

* calculated using chi-squared test

after draping, either at 20-minute intervals or immediately
before cementation if this occurred before the end of a 20-
minute interval. In the control group, three changes of
outer gloves were employed which represented the current
practice in our institution: after draping and before cemen-
tation of the components. In addition, gloves were changed
in both groups whenever a visible puncture was detected.

Randomisation was performed using computer-gener-
ated random numbers to form blocks of four patients each.
Pre-prepared sealed envelopes were opened in the operating
theatre at the time of surgery to allocate the operation to
either the study or the control group.

At each operation the outer gloves of the surgeon, first
assistant and scrub nurse were studied. Contamination was
tested by making an impression of each gloved finger on
sterile culture media (blood agar) immediately before each
set of gloves were removed. Discarded gloves were collected
and labelled appropriately. The culture plates were immedi-
ately sent to a microbiology laboratory for incubation at
37°C for 48 hours. A single consultant microbiologist (DH)
reported the results of the culture. The number of colonies,
density of growth and strain of bacteria were noted for each
culture. We identified all bacterial isolates by using Gram
stain, coagulase, oxidase and catalase tests.

The degree of contamination was categorised at 48 hours
after incubation and divided into three grades: 1) no con-
tamination if there was no growth; 2) low contamination
where between one and five colonies were noted and 3)
heavily contaminated if there were more than five colonies
on the blood agar culture medium. Perforation of the gloves
was tested using the water test (European standard EN
445).15 Each glove was filled with one litre of water and the
cuff twisted through 360° to increase the pressure and to
test for leakage.

Data processing and statistical analysis were performed
using SPSS® version 10.0 for Windows (SPSS Inc, Chicago,
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Illinois). The incidence of glove perforations and contami-
nation were compared between the study and control
groups using the chi-squared test and Fisher’s exact test.
Values for p < 0.05 were regarded as significant.

Results
A total of 627 pairs of outer gloves were included in the
trial; 354 pairs in the study group and 273 pairs in the con-
trol group. Inner gloves were not included in the study. A
summary of glove numbers is shown in Table I. The oper-
ating time was calculated as the time from completion of
draping to removal of the drapes at the end of the opera-
tion. There was no difference in operating times between
the study and control groups. The median operating times
were 70 minutes (95% confidence interval (CI) 60 to 80)
and 75 minutes (95% CI 65 to 90), respectively. The
median time between each glove change was 16 minutes
(95% CI 15 to 20) in the study group compared with 23
minutes (95% CI 21.5 to 25) in the control group. Thus, in
all cases, the surgical teams in the study group changed
gloves more frequently than in the control group.
Glove perforation. The proportion of perforated gloves was
significantly lower in the study group compared with the
control group for surgeons (p < 0.05) and scrub nurses
(Table IT). There was no statistically significant reduction in
perforation of gloves worn by assistants.
Glove contamination. There was a significantly lower inci-
dence of glove contamination in the study group compared
with the control group (4.8% vs 13.9%, respectively). The
results for glove contamination are shown in Table IIL. In
the study group, gloves of all members of the surgical team
remained free from contamination in 56% (14 of 25) of
operations compared with 24% (6 of 25) for the control
group (p = 0.02).

The effect of regular glove changes on contamination for
each member of the surgical team are presented using the
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Table lll. Incidence of glove contamination

Contamination”

Study (%) Control (%) p value

Operation

None 56.0 24.0

Low/heavy 44.0 76.0 0.02"
Surgeon

None 68.0 36.0

Low 32.0 36.0

Heavy - 28.0 0.01*
Assistant

None 80.0 52.0

Low 20.0 36.0

Heavy - 12.0 0.07*
Nurse

None 76.0 56.0

Low 24.0 24.0

Heavy - 20.0 0.06*

* contamination was considered as being heavy if at least one pair of out-
er gloves showed heavy contamination; low otherwise. Gloves of each
surgical team in each operation considered as one unit for calculation

T calculated using chi-squared test

¥ calculated using Fisher’s exact test

Table IV. Details of the 106 isolated bacteria

Bacteria Total (%)
Coagulase-negative staphylococci 73 (68.9)
Staphylococcus aureus 7 (6.6)
Micrococcus 13 (12.3)
Diphtheroids 10 (9.4)
Coliforms 1 (0.9)
Pseudomonas 2 (1.9

percentage of operations in which gloves of surgeons, assis-
tants and scrub nurses were either not, lightly or heavily
contaminated (Table III). Glove contamination was lower
in the study group in all cases, but this reduction was only
statistically significant for the surgeons.

We found 106 bacterial isolates, the details of which are
shown in Table IV. The majority of isolates were coagulase-
negative staphylococci (CNS), followed by micrococcus
species and diphtheroids. Staphylococcus aureus repre-
sented 6.6% of the total number of isolates, of which only
two isolates were methicillin-resistant Staphylococcus
aureus, MRSA. There were also two isolates of Pseudo-
monas species and one isolate of E.coli.

Discussion

The surgical glove is an important barrier between the
hands of the surgeon and the patient. It remains a signifi-
cant factor in the protection against contamination and
infection for both parties. The incidence of glove perfora-
tion has been investigated in most surgical specialties with
reported incidences of 12.7% in general surgery,* 13.3% in
obstetric surgery!'® and 21.5% in plastic surgery.!” In ortho-
paedic surgery, previous studies have reported an overall
incidence of perforation of 26% in elective orthopaedic
procedures'® and up to 57% in hip fracture surgery.® The
incidence of perforation in our study was lower with the

highest perforation rate found for scrub nurses in the con-
trol group (16.5%). The overall results of the control group
resemble those of McCue, Berg and Sanders'” in which the
incidence of outer glove perforation in total joint arthro-
plasty was 13%. Their study used the same protocol for
changing gloves as the control group in our study.

In this prospective study, we have shown that regularly
changing gloves decreases the incidence of perforation. The
median time for changing gloves was 16 minutes (95% CI
15 to0 20) in the study group and 23 minutes (95% CI 21.5
to 25) in the control group. This was associated with a sig-
nificant reduction in the incidence of glove perforation for
surgeons (p = 0.04) and nurses (p = 0.01). The overall inci-
dence of perforation for assistants was low, which may be
because assistants are less involved in the handling of sharp
instruments than are surgeons and scrub nurses.

The rationale for wearing gloves during operations is to
prevent contamination of surgical wounds and possible
infection by the operator’s skin organisms and is a well-
described practice.?®*! Currently, there is increased atten-
tion being paid to the role of gloves as a barrier to protect
the surgical team against infection by hepatitis B and C
viruses and HIV. It has been estimated that 13% of operat-
ing team staff have pre-operative skin damage which signif-
icantly increases the risk of infection.’” Many measures
have been introduced to reduce glove perforation, such as
the use of Biogel Reveal (Regent Medical Ltd) double-glov-
ing, taper-point needles’® and glove reinforcement,?* yet
unnoticed perforations may be discovered on later inspec-
tion.” For these reasons, we recommend that changing
gloves at regular intervals during surgery would minimise
the period in which a potentially perforated glove was in
use.

Glove contamination has been studied in many surgical
subspecialties, and has often been investigated alongside
the perforation of gloves. Reported incidences of contami-
nation are 33% in vascular surgery,”® 29% in neuro-
surgery’® and 62.9% in cardiac surgery.?’ In general
surgical procedures, Bukhari et al” reported that gloved
fingertips became contaminated in 52% of operations.
They also found that glove contamination and bacterial
counts increased over the duration of surgery.

During joint replacement, Davis et al'® reported that
28.7% of gloves used for preparation were contaminated.
In the study by McCue et al,'? the incidence of outer glove
contamination was 12%, however, gloves from only ten
operations were included in the study. In our study, the
overall incidence of glove contamination in the study group
was significantly lower than in the control group (4.8% vs
13.9% respectively).

The clinical implications of these findings are potentially
of great importance. A simple regime of regular glove
changing has significantly reduced the incidence of perfora-
tion and contamination. It therefore has the potential to
decrease the rates of wound infection and to reduce the risk
to surgeons of inoculation by infectious diseases.
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Coagulase-negative staphylococci were the commonest
contaminants in our study and have been identified as a reg-
ular contaminant by others.!%!” Cultures taken during revi-
sion arthroplasty operations from New York hospitals were
positive for coagulase-negative staphylococci in more than
one third of cases.”?® Other studies from the United King-
dom?*%° and elsewhere have reported similar findings. Fur-
ther studies are required to formally establish a causal link
between contamination during surgery and infected pros-
theses.

We conclude that glove changing at regular intervals is
effective in decreasing the incidence of glove perforation
and contamination during hip arthroplasty.

This study has been funded from Professor P. J. Gregg research fund and the
bacteriological studies were conducted in Microbiology Department, James
Cook University Hospital.

No benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.
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