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Abstract

Background Surgical gloves can be damaged during the

course of a procedure, which can place the surgeon and

patient at risk. Glove perforation may not always be readily

apparent, and determining the risk factors for glove per-

foration can aid the surgeon in deciding when a glove

change is advisable. Time of wear and needle sticks have

been well studied; however, other mechanisms including

mechanical stress from surgical equipment have had lim-

ited evaluation to date.

Questions/purposes We evaluated the risk of glove per-

foration in gloves that were caught in a surgical rotatory

device (such as drills and reamers). The aims of our study

were (1) to determine the percentage of undetected

microperforations after entanglement on a rotatory tool

during orthopaedic procedures, (2) to determine which

kinds of rotatory devices most commonly cause such

microperforations, and (3) to assess whether time of wear

had an effect on the risk of perforation.

Methods From July 2014 to September 2015, 33 gloves

were obtained from all orthopaedic subspecialties at our

Level I trauma center if they were caught in a rotatory

device greater than one revolution. Time of glove wear and

location of the glove that was caught in a rotatory device

were recorded. After an evaluation for macroperforations

(C 5 mm), the gloves were evaluated for microperforations

(\ 5 mm) via the American Society for Testing and Mate-

rials (ASTM) one-liter load test. Time of wear was

compared among gloves with macroperforations, microper-

forations, and no perforations.

Results The 33 gloves obtained came from 33 proce-

dures. Seventeen of 33 (52 %) gloves had perforations.

Seven of the 17 perforated gloves had macroperforations

while 10 had microperforations. Eleven of 33 entangle-

ments were caught by drills, nine by reamers, eight by K-

wires, and the remaining five gloves were caught by vari-

ous other instruments. Eight of 17 perforations were caused

by drills, three by reamers, three by K-wires, and three by

various other instruments. The average time of wear was 58

minutes which did not differ with pattern of glove damage.

Conclusion Surgical gloves caught in a rotatory power

instrument are likely to have been perforated, regardless of the

amount of time that they had been worn. Visual inspection

appears to be an inadequate test of glove integrity. When a

glove becomes entangled in a rotary instrument such as a drill,

pin, or reamer, a surgeon should change the gloves regardless

of whether he or she believes a perforation is present.

Level of Evidence Level IV, therapeutic study.
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Introduction

Surgical gloves provide the only physical barrier between

the surgeon’s hands and the patient to minimize contami-

nation and disease transmission. It is well documented that

perforations occur frequently during various procedures

[1, 2, 6]. Perforations can increase the risk of surgical-site

infection, and expose the surgeon to blood-borne diseases

such as HIV, hepatitis C virus, and hepatitis B virus

[10, 14]. Understanding the clinical situations in which

perforations occur can aid the surgeon in taking steps to

minimize the risk of infection to the patient and to mini-

mize the risk of viral exposure to the surgeon.

Some of the highest perforation percentages are seen in

orthopaedic surgical procedures [1, 2]. The use of power

tools, handling sharp bone, and working in deep cavities all

influence the risk of glove perforations in orthopaedic

surgery [20]. Double gloving has been recommended in

orthopaedic procedures to ameliorate the risk of perforation

but compliance is not universal [7, 18]. Duration of wear,

degree of soilage, and other risk factors for glove perfo-

ration also have been reported [2, 16]. Identification of

specific surgical steps or situations in which glove con-

tamination is high may allow the surgeon to recognize

when a glove change is indicated. McCue et al. [12]

reported that 19% of gloves became contaminated during

draping for THA, and they recommend that the surgical

team don a third set of gloves for draping and then remove

the outer pair before the start of surgery. Other recom-

mendations have been made regarding time of wear or

scheduled changes before certain steps such as implant

placement [4, 16, 18]. Although damage to gloves from

needle stick injury is well documented [15], little has been

reported regarding other mechanisms of glove damage

during surgical procedures.

Shear stress on gloves has been documented as a

potential risk for glove perforation [5]. Arthroscopic knot

tying is an example of shear-induced stress leading to a

perforation risk of as much as 34% [9]. Gloves can be

subject to shear when they become entangled in a rotatory

power device intraoperatively. To our knowledge, entan-

glement in rotatory tools has not been reported as a

mechanism of glove damage. A common practice is to

visually inspect a glove after entanglement occurs and to

change the glove only if visually evident damage is pre-

sent; however, how often this approach correctly identifies

a perforation has not been evaluated, and this seemed

possible to us.

Therefore, the aims of our study were (1) to determine

the percentage of undetected microperforations after

entanglement on a rotatory tool during orthopaedic proce-

dures, (2) to determine which kinds of rotatory devices

most commonly cause such microperforations, and (3) to

assess whether time of wear had an effect on the risk of

perforation.

Methods

This study does not involve human or animal data and

requires no ethical board approval. From July 2014 until

September 2015, orthopaedic surgeons and residents at our

Level I trauma center were asked to submit gloves that

were entangled intraoperatively and spun greater than one

revolution in a rotatory power device. Study protocol and

recruitment notices were placed in each operating room,

and operating room personnel and surgeons were educated

regarding study design and collection procedures. Surgeons

from all orthopaedic subspecialties were encouraged to

submit gloves. Our departmental practice is to routinely

double glove for most orthopaedic procedures. The selec-

tion of glove type is according to surgeon preference.

Potentially damaged outer gloves were submitted on a

voluntary, anonymous basis at the time of entanglement.

Data were collected to estimate the time of wear, the

instrument used, which finger was involved, and if the

patient had any known transmittable infectious disease.

Gloves used on patients with known transmittable infec-

tious disease or an active infection were excluded from the

study. Thirty-three gloves were acquired during the col-

lection period. The per-procedure risk could not be

calculated, since we had no reliable means to determine the

number of cases during the study period in which rotatory

instruments were used. Likewise, anonymous submission

precluded any analysis by subspecialty in orthopaedic

surgery. Gloves were collected, refrigerated in biohazard

bags at 2�C to 3�C, and tested within 1 week of collection.

Before testing, all gloves were inspected visually by one

author (EH) for macroperforations and no cleaning of

potentially biohazardous material was done. Macroperfo-

rations were defined as holes 5 mm or greater, on the

assumption that perforations of this size could be seen

easily by the surgeon intraoperatively. Any glove that

showed macroperforations was not analyzed for other

microperforations. Gloves without macroperforations were

tested according to the American Society for Testing and

Materials standard (ASTM D5151�06) for detection of

holes in surgical gloves [3]. Gloves were secured and

suspended at the wrist to a rigid polyvinyl chloride pipe

and filled with 1 L water. For 2 minutes, they were

observed for breach of integrity. Observance of water on

the outer surface of the suspended glove was considered a

failed test and these specimens were categorized as having

microperforations.

Analyses were performed to determine the percentages

of macro- and microperforations, common instruments in
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which the gloves were caught, time of wear, and location of

perforation.

Results

The 33 gloves obtained came from 33 procedures. Seven-

teen of the 33 (52%) gloves had perforations; seven (21%)

had visual macroperforations; and 10 (30%) had microp-

erforations that failed the ASTM standard but had not been

visually apparent (Fig. 1). No microperforations (perfora-

tions\ 5 mm) were identified by visual inspection before

testing (Fig. 2). In total, 10 of 17 of the perforations were

not visible.

The most common types of equipment in which the 33

gloves were caught were drills (11), K-wires (eight), and

reamers (nine) while the remaining gloves were caught by

various other instruments (five). Eight of the 17 perforations

were caused by drills, three by reamers, three byK-wires, and

three by various other instruments. The most common

location reported on gloves caught was the index finger.

There were not enough data to show whether any specific

glove type had superior perforation resistance. However, all

types of gloves submitted (latex, latex-free, orthopaedic) had

at least one specimen with microperforations.

Average time worn for all gloves before entanglement

was 58 minutes. Gloves without perforations were worn for

51± 41 minutes. Gloves with macroperforations were worn

for 63± 46 minutes and gloves with microperforations were

worn for 68 ± 42 minutes. No difference was apparent

between time of wear for gloves without perforations and

those with macro- or microperforations (p = 0.612) (Fig. 3).

Discussion

Glove integrity is the paramount safety barrier protecting

the patient and the surgeon from body fluid exposure or

contamination. Similar to understanding side effects and

negative consequences of different medicines he or she

prescribes, the surgeon must understand the gloves he or

she wears when performing a surgery. We aimed to define

a mechanism of glove damage to inform surgeons about a

previously unreported mechanism of breach of this pro-

tective barrier. Our study showed that gloves caught in

rotatory power equipment have a high risk of perforation

(52%), with 30% having microperforations that are not

reliably detected with visual inspection. Drills, K-wires,

and reamers were the most common instruments associated

with glove perforations. Time of wear did not appear to

affect the percentage of perforations.

Our study has several limitations. First, gloves were

collected on a volunteer basis, therefore we are able to

report only perforation percentage on the gloves that were

submitted. The number of gloves collected during the study

was fewer than anticipated and we surmise that there were

Fig. 1 Gloves tested were categorized by absence (None) or

occurrence of macroperforations (Macro) or microperforations

(Micro).

Fig. 2 A microperforation detected as a water droplet during ASTM

standard testing is shown.

Fig. 3 Time of wear before catching the glove is categorized by

absence (None) or occurrence of macroperforations (Macro) or

microperforations (Micro).
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likely additional occurrences during the study period.

Nonetheless, the data reinforce the idea that surgeons likely

do not recognize when loss of glove integrity has occurred

by this mechanism. We have no reliable means to estimate

incidence of perforation, as the total number of cases in

which rotatory tools were used during the study period was

not tallied. In addition, the gloves were not cleaned of

biologic material before testing, which might have resulted

in a lower observance of microperforations, if, for example,

coagulated blood was present and formed a seal over a

microperforation that remained watertight during testing.

Although cleaning the gloves might negate this potential

confounder, it conversely could result in additional trauma

to the gloves and skew the results. On the topic of

microorganisms, our exclusion criteria did not permit

analysis of gloves known to have been exposed to trans-

missible diseases; however, only two gloves were

discarded because of this exclusion, therefore it is unlikely

to have influenced our findings to any large degree.

We did not have enough data to differentiate perforation

risk for different glove types. Different material properties

may make a glove more or less prone to shear stress.

Hypothetically, latex-free gloves do not have the same

hydration effects as latex gloves. However, these gloves do

not have the same stringent FDA standards as latex gloves,

making direct comparison difficult [19]. With more spec-

imens, more detailed analysis of risk by glove type and

other factors could be possible. Double gloving is an

effective way to protect patients and practitioners and is

common practice in our institution; however, double

gloving, while common, is not universally practiced

[7, 13, 18]. Mischke et al. [13] found inner-glove puncture

risk could be reduced by 71% with double gloving. We did

not evaluate the damage to an inner glove if double gloving

was used, as only outer gloves were submitted for testing.

In addition, our study primarily was designed to assess

glove integrity after exposure to shear from entanglement

in a rotatory device, which is a different mechanism than

puncture. We are unable to comment on the effects of shear

at the interface between glove layers or on the integrity of

the inner glove and the potential risk it may pose at this

time; likewise we did not have a sufficiently large or

diverse sample to compare different types of rotatory

instruments, but given the small expense associated with

changing gloves, we believe the findings of our study are

robust enough to recommend changing gloves after

entanglement with any rotatory instrument.

We defined macroperforation as a visually apparent

defect of at least 5 mm. While this cutoff was defined

arbitrarily, no gloves showing a microperforation had a

visually identifiable defect. In addition, our study protocol

likely resulted in more meticulous inspection before testing

than what is common practice intraoperatively. The

percentage of microperforations suggests that visual

inspection is inadequate to assess glove integrity and any

glove that becomes entangled in a rotatory device should

be changed regardless of its appearance. An in vitro control

group was considered; however, given the changes in glove

properties with time with wear and presence of biologic

material, it was not deemed appropriate. An in vivo control

also was considered; however, given the known percent-

ages of glove perforations reported in prior studies [2, 4–6]

a control group was deemed unnecessary.

The anonymous nature of glove submission allowed the

surgeons to submit gloves without risking judgment

regarding their surgical ability or care. As such, anony-

mous submission precluded analysis of risk relative to

procedure or specialty. We cannot comment whether our

sample size was representative of the entire field of

orthopaedics or simply a sample of a few practitioners

interested in submitting gloves for the study. The under-

glove was not studied here, and while one may assume that

specialties that use rotatory equipment more than others

may be at greater risk, the risk may be surgeon (technique)

dependent. This initial study was aimed at defining a glove

injury pattern and its associations to raise the question:

should the glove be changed? We do not intend to draw

more conclusions beyond the answer to that question

without a larger study and sample size. This study may

generate additional interest in this topic and future study

could capture a more representative sample of all the

gloves caught on a rotatory device. A larger sample size

would allow for multivariable analysis of factors such as

the effect of glove type or perforation percentage.

Federal regulations monitor surgical gloves as a medical

device. The ASTM one-liter water test (ASTM –D5151–

06) [3] is the gold standard metric for testing medical

gloves; therefore, it was the sole test performed on the

submitted gloves. Manufacturers are required to randomly

test gloves as part of quality assurance during production.

The threshold for failure is 2.5% to meet testing guidelines.

Since such testing is random and 2.5% failure is the

accepted standard, it is possible that some of the gloves we

tested were defective at the time of manufacture rather than

perforated owing to entanglement. While the data from this

study suggest that microperforations are present 31% of the

time after entanglement in a rotatory tool, a more-sensitive

testing method such as electroconductivity could result in

even more concerning findings [17].

The study gloves were submitted at an average wear

time of 58 minutes and had an overall perforation risk of

51.5%. Given the average wear time on our glove speci-

mens, one could argue that the risk of damage to gloves

seen in this study was attributable merely to chance. Par-

tecke et al. [16] reported that glove perforations increase

with the duration of wear owing to mechanical stresses, not
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necessarily attributable to material fatigue. In their study,

perforation was observed in 15.4% of gloves during the

first 90 minutes of orthopaedic procedures and this

increased to 18.1% if the glove was worn between 91 to

150 minutes, and to 23.7% if the glove was worn longer

than 150 minutes [16]. Limited data are available regarding

risk of compromise of glove integrity in specific ortho-

paedic procedures [1, 2, 4, 6, 8, 9, 20]. At least one glove

was found to be perforated in 39% of TKAs, with a per-

foration incidence of 4.29% of the gloves worn in these

procedures [8]. The mechanism of contamination was not

reported in that study. Likewise in orthopaedic trauma,

Eckersley and Williamson [6] found that a single glove

may be perforated more than 50% of the time during the

course of internal fixation of a fracture and this rate was

reduced to 17% with double gloving. Our study suggests

that entanglement in rotatory tools is a mechanism in which

perforations have a greater likelihood of occurrence. Few

studies have evaluated the specific mechanisms in which

glove perforations occur, except needle sticks [4–6, 9].

Chan et al. [5] showed that perforations are caused by

instrumentation in 45% of all glove perforations, versus

only 20% by bone debris, 15% by surgical knots, and only

5% are attributable to scalpel blades or pins each. Martinez

et al. [11] showed in an in vitro model that knot tying with

high tensile strength suture causes a relatively low risk

(3.4%) of glove perforations.

While limitations of our study make it clear that we

have not proven that a hole in the glove results in com-

munication between the environment and the surgeons’

hands, and certainly not that communication with the

hands will result in infection, the cost of replacing gloves

after being caught in a rotatory instrument seems small in

comparison to the risk, and we found a higher risk of

perforations than one might expect. Because of this, we

believe the results of the current study suggest that any

glove that becomes entangled in a rotatory device should

be changed immediately, regardless of the surgeon’s

visual assessment of glove integrity. Our visual inspection

was more stringent than what typically is done intraop-

eratively, which suggests that surgeons underestimate

glove perforation. More than 1
.
2 of the gloves in this study

that became entangled in a rotatory device sustained

sufficient damage to cause a perforation and 10 of 17

such occurrences were not visible. Future studies are

needed to compare different glove types and the risk to

inner gloves when rotatory entanglement occurs.
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