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INTRODUCTION
Surgical gloves are part of the surgical attire that we as
surgeons utilize on a daily basis. Even in clinic, wearing
gloves is one of the most important personal protective
items we utilize to protect ourselves and patients. Surgical
gloves however, were not always used. Rubber gloves were
designed by Dr. William Stewart Halsted in the 1890s and
created by Goodyear, to protect his wife from the harsh
disinfecting agent carbolic acid. Prior to that, the use of
gloves in the medical field was not a common practice.
Before the standardized practice of sterility was implemented
in the operating room, surgical attire of surgeons did not
even include gowns or gloves. Instead surgeons usually
wore their street clothing into the operating theater. Since
the inception of standardized sterile techniques and surgical
attire, surgeons and operating room staff became more
attentive in order to contain a controlled environment,
thereby reducing the risk of contamination. As surgeons, we
use our hands to perform surgery and therefore, our gloves
draw more attention than any other part of the surgical
attire. This article will present the general characteristics of
gloves, role of basic handwashing, role of surgical gloves,
efficacy of double gloving, and glove perforation rates in
variable factors such as duration of wear, interval glove
changes, bacterial transmission, role of primary versus
secondary surgeons, and surgical instruments.

TYPES OF GLOVES
There are numerous types of surgical gloves that one may
use. Each type of glove has its own characteristics, is made
of different materials, and has different uses. The majority
of gloves used to be made of natural rubbers but due to
latex allergies and the fact that synthetic rubber allows for
an anatomical fit, surgical gloves are now more commonly
created using synthetic polyisoprene and polychloroprene/
neoprene. Many of the gloves also have different thickness
profiles depending on the purpose. Orthopedic gloves have
an increased thickness profile for durable protection due to
the increased risk of perforation from sharp instrumentation
and bony prominences. There are gloves of thinner
profiles that are used for procedures requiring improved
tactile sensitivities, such as for plastic and otolaryngology

procedures. There are also gloves with radiation and
chemotherapy protectants to protect health professionals’
hands from harmful chemicals and radiation. There are
countless types of gloves that serve different functions.
However, the main function of surgical gloves remains
clear, to protect patients and the medical personnel from
contamination and blood-borne pathogens.

HISTORY
Prior to standardized aseptic techniques, handwashing
before assessing patients was not common. It was in the
1840s, when Dr. Ignaz Semmelweis began to investigate
the increased post-partum infection in his Vienna’s General
Hospital Maternity Clinic, that he realized the importance
of hand washing. In his clinic, there were two separate
wards. In one ward, patients were managed by medical
students and in the other ward by midwifery pupils. The
ward managed by medical students had a higher mortality
rate. The two groups switched wards and it was noted
that the mortality rate followed the medical students. Dr.
Semmelweis hypothesized that the medical students were
not washing their hands and their instruments after their
autopsy sessions before treating their patients, which in
turn caused sepsis in their patients. Dr. Semmelweis then
instructed the students to wash their hands and instruments
in chlorinated water and as a result, saw a decrease in
the mortality rate of patients. This showed that aseptic
technique was crucial in providing effective patient care,
protecting not only patients, but medical personnel treating
the patient (1).

GLOVE PERFORATION
The utilization of gloves in surgery became a standard
practice with advancement in aseptic techniques. Double
gloving is now a standard practice to reduce contamination
and to protect patients and staff. Dr. Marshall Urist, an
orthopedic surgeon famous for his discovery of bone
morphogenetic proteins, first introduced the concept of
double gloving while he was a surgeon during the Second
World War exploring gunshot wounds to reduce the risk of
gloves tearing (2). Although the practice of double gloving
began with wound exploration in gunshot wounds, the
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purpose of double gloving is to protect the patient from
wound contamination but also to protect the patient and the
medical personnel from blood-borne pathogens. Therefore,
perforation in gloves is considered to be unsafe and generally
requires re-gloving of the outer layer. The under layer can
also serve as an indicator to notify the surgeon of any visible
perforation. Therefore, wearing an under layer of different
color than the outer layer is recommended. The risk of
perforation and its effect will be discussed, as well as some
recommendations to prevent glove perforations.
Once there is a perforation in the gloves, both the
patient and the medical personnel are at risk of injury and
contamination. This indicates the importance of assessing
surgical gloves for any perforation intra-operatively.
Perforations could be considered micro (<5 mm) or macro
(>5 mm) (3). There have been numerous reports on
incident rates of glove perforations with multiple variables.
Lutsky et al (4) collected data on glove perforation rates
in hand surgical procedures that showed that among 600
procedures they performed, they visualized 11 perforations
in 10 gloves, which was an incidence rate of 1.5%. This
specific incidence rate seems relatively low, but there were
other variables not taken into consideration for the study
that may have impacted the study, and those variables will
be further discussed.
Factors such as duration of wear, interval glove changes,
surgical instruments, and roles of surgical personnel have to
be taken into consideration as well, when analyzing glove
perforations. Partecke and Goerdt (5) collected data on the
incidence of micro-perforation of gloves and duration of
wear. In the study, it was noted that the longer the duration
of wear, the greater incidence rate of perforations. In the
3 groups they assessed, (a total of 898 pairs of gloves), the
group in which surgery lasted 1-90 minutes had microperforation incidence rate of 15.4%, the 91-150 minutes
group had an incidence rate of 18.1%, and the >150
minutes group had an incidence rate of 23.7%. With the
glove perforation incidence rate increasing with duration of
wear, it would be reasonable to discuss the role of interval
glove changes intra-operatively on the rate of perforation.
In the study performed by Al-Maiyah and Bajwa (6), they
looked at glove perforation rate with interval glove changes
in primary hip arthroplasty. The control group had its
standard 3 glove changes; first change was post-draping,
second was before cementation of acetabular components,
and third was before cementation of femoral components.
The study group changed the outer layer post-draping and
then every 20 minutes for the remainder of the case. Both
groups changed outer layer when a visible perforation was
visualized. When observing the primary surgeon group,
the control group had a median change of 4 per case with
perforation incidence rate of 11.7%, and the study group had
a median change of 5 per case with perforation incidence

rate of 4.2%. Similar results were seen for primary assists
and scrub nurses in the study. This result showed that given
the reduced perforation rate with interval glove changes
intra-operatively, it was recommended that periodic glove
changes be performed to reduce the rate of contamination
and for protection.
In podiatric surgery, we commonly use surgical
instruments that require power such as wires, screws,
and pins. The use of these devices is where we most
recognize or experience glove perforation, as they may
get entangled by the rotatory instruments. It is safe to
assume that without proper precautions, gloves are at an
increased risk of perforation with surgical instrument use.
The study done by Goldman and Haug (3) attempted to
obtain data on perforation rate with instrument use, along
with which type of surgical rotatory instrument caused
the most perforations. From the 33 gloves obtained, there
was a perforation incidence rate of 52%. The majority of
the perforations (47%) were caused by drills, followed by
reamers and Kirschner wires. The study showed that the use
of instruments significantly increases the incidence rate of
glove perforation. Given that our profession commonly uses
powered surgical rotatory instruments, it becomes necessary
to take precautions in preventing glove perforations.
The roles of surgical personnel also have an influence
on perforation rate as well. Certain individuals are more
prone to perforations due to their responsibilities in the
operating room. Primary surgeons are at the greatest risk
given their activity level and the use of instruments for the
case. In the study done by Partecke and Goerdt (5), they
also collected data on which individuals had the greatest
risk of glove perforation. The result showed that primary
surgeons had a perforation incidence rate of 23%, first assists
with an incidence rate of 19%, and the scrub nurse with
an incidence rate of 20%. The result of this study seems
reasonable, given that the individuals who had higher
incidence rate of perforations were those who handle sharp
instruments.
As mentioned previously, surgical gloves are meant to
protect both the patient and the medical personnel, which
includes bacterial transmission. Postoperative infection is a
complication that all surgeons take precautions to avoid.
With glove perforation, bacterial transmission can occur
from the patient to surgeon or surgeon to patient, which
would not be ideal. Harnoss and Partecke (7) observed
the transmission of bacteria through the puncture holes in
surgical gloves. Of the 128 outer gloves collected, 6 (4.7%)
had passage of microorganism into the inner gloves. Some
of the common bacteria seen included staphylococcus,
enterococci, klebsiella, aerobic spore forming bacteria,
and micrococcus. This shows the possibility of bacterial
transmission with glove perforation, which increases the risk
of contamination.
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The utilization of gloves for surgical procedures is a
common standard practice that we utilize every day. Our
understanding of surgical gloves revolves around wearing
surgical gloves to protect our patients and ourselves but we
can easily forget the role of numerous factors such as duration
of wear, interval glove changes, surgical instruments, and
the roles of surgical personnel on perforation of surgical
gloves. By knowing these factors and the role they have on
the perforation of surgical gloves, we as podiatric surgeons
can reduce the rate of perforation and thereby reduce the
risk of contamination and protect our ourselves and more
importantly, our patients.
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