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S U M M A R Y

Background: Surgical gloves provide an important aseptic barrier between the patient and 

the surgical team, helping to prevent the transfer of micro-organisms. The overall 

objective of the Hands Deserve Better project was to determine the best available evi-

dence for key fundamental principles of surgical gloving practice and to inform operating 

room staff on the importance of optimal gloving practice to ensure provider and patient 

safety.

Methods: Four parallel systematic reviews of the literature were undertaken in accord-

ance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement, 

using four distinct research questions regarding glove fit, double gloving, indicator gloves, 

and the association of glove damage to glove change frequency. The Delphi technique for 

health sciences was used to develop consensus statements based on the systematic 

reviews.

Results: Across the systematic reviews, 10,137 articles were identified; 7,979 abstracts 

were screened, of which 411 full-text articles were assessed for inclusion. Twelve 

potential consensus statements were drafted based on the 258 included articles. The 

expert panel reached consensus on 10 clinical practice recommendations regarding glove 

use during surgical procedures.
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Conclusions: This comprehensive review on surgical gloving issued 10 consensus recom-

mendations regarding glove fit, double gloving, use of indicator gloves, and glove change 

frequency.

ª 2026 The Author(s). Published by Elsevier Ltd 
on behalf of The Healthcare Infection Society. This is an open access article 

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Surgical gloves are a principal component of the personal 
protective equipment (PPE) worn by surgical team members. 
Gloves provide an important barrier, preventing the transfer of 
micro-organisms between the patient and surgical team [1]. 
While historically the focus of PPE, including surgical gloves, 
was seen as a method to protect the surgical team from the 
patient, in fact, surgical gloving also protects the patient from 
the surgical team.

A perforation or microleak in a surgical glove constitutes a 
breach of the aseptic barrier. This can result in exposure of the 
surgeon to the blood or bodily fluids of the patient. Conversely, 
the patient is exposed to potential pathogens from the team, 
which could result in surgical wound infections [2]. Glove 
perforations are frequent and may result from damage due to 
sharp or rotating instruments, shearing forces when handling 
equipment, exposure to bone fragments, or the use of needles 
while suturing [3]. It is estimated that there may be over one 
million injuries from needlesticks annually in Europe [4]. These 
exposure incidences may be reduced by access to PPE, suffi-

cient training of surgical team members, sharps management, 
and managing surgical team fatigue. However, further inter-

ventions to prevent infection are essential [4].

Measures that can reduce the risk of surgical glove breach 
include ensuring proper glove fit, double gloving, the use of 
indicator gloves, and timely glove change. Optimal glove fit 
impacts the surgeon’s comfort and manual dexterity. Poor fit-

ting of surgical gloves may compromise manual dexterity and 
impact factors such as fatigue, cramping, safety, comfort, and 
influences glove perforation, with an increase in the perfo-

ration rate observed in oversized gloves [5]. Correct glove 
selection is an important step that should be optimized to the 
healthcare providers’ practice, surgical specialty, and unique 
anatomical and sex-specific needs [1].

Double gloving, where two gloves are worn on top of each 
other, is thought to decrease the risk of exposure of the hand 
caused by glove perforation by means of a second layer [6]. If 
the outer glove is compromised, the aseptic barrier often 
remains intact as the inner glove provides an additional pro-

tective layer [4]. An indicator system is a form of double 
gloving where a different coloured inner glove and a special 
outer glove are worn, which is specifically designed to illu-

minate when the aseptic barrier of the outer glove has been 
breached [7]. The transmission of fluid between the outer 
glove and inner glove enhances visualization of the 
breach and alerts surgical team members to an outer glove 
perforation, prompting the user to change compromised 
gloves [8]. For single gloves, glove change after visible glove 
perforation or at predefined time points may be beneficial to 
maintain the surgical barrier. In recent years, specific surgical 
specialties have recommended frequent glove changes to 
ensure ongoing barrier asepsis due to the risk of glove

damage, unseen perforations, contamination of gloves, or 
proteinaceous build-up leading to a reduction of tactile sen-

sitivity [9]. However, there is no agreed protocol to advise 
when gloves should be changed, and this may vary across 
different surgical specialties.

Current guidelines detail some recommendations for double 
gloving practice but lack guidance for all surgical glove prac-

tices. The World Health Organization (WHO) guidelines include 
recommendations for double gloving for countries with a high 
prevalence of HIV and hepatitis B/C, for procedures where 
there is contact with large amounts of blood/bodily fluid, and 
for some high-risk orthopaedic procedures [10]. However, 
recent WHO guidelines found insufficient evidence available to 
recommend double gloving for the reduction of surgical site 
infection (SSI) [11]. The Association of Surgical Technologists 
(AST) ‘Standards of Practice for Gloving and Gowning’ recom-

mends the use of double gloving for all surgical procedures, 
along with the use of a different coloured inner glove [12]. 
Additionally, the Association for Perioperative Practice in the 
United Kingdom recommends double gloving to ‘reduce the risk 
of perforation’ and that indicator gloves enable better 
detection of outer glove perforations [13]. There is a lack of 
specific guidelines on ensuring optimum glove fit, frequency of 
glove change, and the use of indicator gloves from the major 
healthcare organizations. Challenges in implementing updated 
gloving practices may include perceptions among surgical team 
members regarding a loss of manual dexterity and touch sen-

sitivity while double gloving.

The objective of the Hands Deserve Better project was to 
determine the best available evidence to ensure provider and 
patient safety by describing four key fundamental principles of 
surgical gloving practice: glove fit, double gloving, the use of 
glove indicator systems, and glove change frequency. The 
surgical team includes all healthcare professionals who are 
engaged in the surgical case at the operating table. Therefore, 
the recommendations from this review and Delphi expert panel 
are intended to benefit the entire surgical team, from surgeon 
to trainee, equally.

Methods

Four parallel systematic reviews of the literature were 
conducted, in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) statement 
[14] and following the published checklist for reporting. One 
overarching search was used. The databases used for the liter-

ature searches were PubMed, Embase, Cochrane Collaboration 
of Systematic Reviews and Meta-analyses, and Google Scholar. 
The systematic reviews were performed between 1 st May 2022 
and 24 th January 2023, with four distinct research questions:

• For healthcare providers scrubbed into surgical proce-

dures, what is the association between poor glove fit and
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provider performance in the operating room? A secondary

aim of this research asks, is there an established standard 
to determine appropriate glove size?

• For healthcare providers scrubbed into surgical proce-

dures, how does the practice of double gloving compared 
with single gloving impact the risk of provider and patient 
during surgery?

• For healthcare providers scrubbed into surgical proce-

dures, what is the difference between specialized double 
gloving indicator systems compared with wearing two 
standard gloves on identification of glove perforation?

• For healthcare providers scrubbed into surgical proce-

dures, how are rates of glove damage associated with 
recommendations for glove change frequency during a 
surgical case?

Detailed methods and data of each systematic review will 
be published separately (data on file). Initially, two members 
of the team (T.B. and J.B.R.) executed searches, with keyword 
combinations and search string results detailed and catalogued 
by database. Titles and abstracts were screened for each 
research question, and lists of abstracts were prepared for the 
reviewers. A research team consisting of 13 international 
researchers (surgeons, nurses, an infection control specialist, 
and surgical technologists) was divided into four groups based 
on the total number of identified abstracts for each of the 
individual research questions, to provide peer review of 
abstracts and full texts according to established inclusion and 
exclusion criteria. Critical appraisal was carried out during 
monthly meetings to discuss inclusion vs exclusion designation. 
Additionally, inter-rater reliability of study scoring, including 
strength of evidence and risk of bias, was determined via 
reviewer-blinded and randomly assigned peer review of team 
members. Level of agreement was calculated using Cohen’s 
Kappa. If group member agreement on study scoring was less 
than 0.4, the initial reviewer and auditor evaluated the study 
together. If agreement could not be established after review, 
the principal investigator (A.E.) was called to render final 
opinion. The reviewers used an encrypted sharing platform via 
Microsoft Teams, which was only accessible by invitation.

Reviewers independently reviewed all full-text manuscripts 
and met to determine the final studies for analysis. Meta-

analysis was not the intention of this systematic review due to 
methodological heterogeneity among the studies. Meta-

synthesis of study outcomes was used. The data collection 
process for extraction of each study was performed in tandem, 
where data reporting was categorized by outcome domains and 
transferred, along with study demographics, into evidence 
tables. Visual tables outlining the final included studies, with 
their level of evidence and risk of bias scores, guided identi-

fication of the level of evidence by which to draft consensus 
statements.

Delphi technique: process and variants

The Delphi technique for health sciences was used to develop 
consensus statements based on the four systematic reviews. A 
modified group technique was used, defined as anonymous 
voting by an expert panel on a list of statements during a live, 
virtual meeting, which allowed for justification of deviating 
responses through group discussion [15]. The purpose of using

the Delphi technique was to accomplish three specific 
objectives:

1. Summarize the current state of surgical gloving knowledge, 
based on systematic reviews of the literature.

2. Formulate recommendations for clinical practice change in 
the operating theatre.

3. Resolve controversial differences between existing evi-

dence and common practice.

Expert member selection

Expert member selection for the Delphi group was deter-

mined based on the respective research questions and specific 
to the clinical practice setting of the operating room. Expert 
identification was focused on representation from a global 
community of diverse clinical backgrounds, licensed pro-

fessions, years of expertise, geographic representation, sex 
diversity, and surgical specialty. The study chair was chosen 
based on recognized expertise in surgical gloving research 
[16—21]. Fifteen experts accepted an invitation to participate 
but two withdrew during the early stages of the project due to 
scheduling conflicts, leaving 13 experts. The demographics of 
the participants are listed in Table I.

Statement development

Statement development involved analysis and inter-

pretation of the four parallel systematic reviews of the liter-

ature using PRISMA methodology. The researchers in their 
respective groups created specific statements with associated

Table I

Participant demographics

Demographic Participants (N)

Sex

Male 10

Female 3

Country

USA 6

Germany 2

UK 2

Japan 1

Netherlands 1

Norway 1

Licensed profession 

Physician-surgeon 9

Physician-medical microbiology 1

Registered nurse 2

Surgical technologist 1

Specialty

Orthopaedics 4

Gastrointestinal, general 2

Multispecialty 2

Plastic surgery 2

Infection prevention and control 1

Obstetrics and gynaecology 1

Transplant 1

N, number of participants.
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rationale and references. Group consensus statements were 
provided to the entire research team for review three weeks 
prior to the Delphi consensus meeting.

Definition and measurement of consensus

Consensus voting was conducted virtually via Microsoft 
Teams using an encrypted polling app, which facilitates anon-

ymous voting and blinded presentation of polling results. A 
quorum for this group, defined as (N/2) + 1 members, was 
established for this study, with a total of 13 members and a 
quorum of eight members. Ultimately, 12 of 13 members were 
able to attend live voting. The study chair moderated group 
discussions after each voting session. A group Delphi technique 
was used, whereby the reviewers for each respective system-

atic review group represented the contextual justification and 
evidence-based rationale for formulating each consensus 
statement and reviewed the strength of evidence, quality, and 
risk of bias for each supporting study. Modifications of a 
statement, if required based on group feedback, were made in 
real time during the meeting, and statements were amended 
for the next round of voting. Three rounds of voting with a 
threshold for consensus of 75% were established a priori. Fol-

lowing three rounds of voting, the results were handled as 
follows:

1. Consensus of ≥75%: accept the statement and include in
definite recommendations.

2. Near consensus: 50—75%: do not include in recom-

mendations but consider obstacles to consensus as topics 
for future research recommendations.

3. No consensus <50%: do not include in recommendations.

Clinical practice change and evidence base

The final clinical recommendations that reached consensus 
are reported in the following format:

• Consensus statement.

• Level of evidence and quality using the Johns Hopkins

Nursing Evidence-Based Practice Model [22].

• Risk of bias scoring (ROB-2; Robis 1.2;

Newcastle—Ottawa Scale [NOS] scoring tool) [23—25].

• Rationale and references from respective systematic

reviews.

• Clinical practice recommendations accompany each

statement for potential adoption based on aggregate 
strength of evidence:

• Change practice — practice change is supported by high-

level research of good quality and low bias.

• Consider this — practice change should be considered 
based on moderate- to high-level research and low to 
moderate bias.

• Expert opinion — the recommendation is made by the 
expert panel for consideration based on clinical experi-

ence and general common sense and may be supported 
by in vitro, qualitative, or similar studies of low to 
moderate quality and moderate to high levels of bias.

Results

Figure 1 represents the scope of the literature search. 
PubMed, Embase, Cochrane Collaboration of Systematic 
Reviews and Meta-analyses, and Google Scholar identified 
10,137 records. After elimination of duplicate articles, the 
remaining 7,966 records were screened by abstract, according 
to the inclusion/exclusion criteria. A total of 7,559 studies 
were excluded from further analysis, with 413 records consid-

ered as suitable for full-text review and 260 of these studies 
assessed as eligible for inclusion across the four systematic 
reviews. Level of evidence, quality assessments, and risk of 
bias scores were detailed for each article included (data not 
shown). Results from the four systematic reviews are sum-

marized below, while detailed methods and data of each 
individual systematic review will be published separately. The 
consensus convergence track with full voting trajectory for 
each statement across arounds, including total votes, agrees 
and disagrees on counts, percent agreement, and resulting 
outcomes, is included in Supplement S1.

General practice recommendations

Glove fit (consensus statements 1—3)

The systematic literature review for glove fit is reported in 
detail in a separate publication [26]. The panel discussed the 
importance of the correct size gloves for surgeons, acknowl-

edging that different glove types from different manufacturers 
may have a different ‘feel’. Two IA studies [1,27], one IC study 
[28], and a IIA study [29] demonstrated differences in tactile 
sensitivity, 2-point discrimination, comfort and performance 
between manufacturers’ gloves, and within-manufacturer 
glove styles. ‘Preferred’ or ‘Regular’ glove size is reported in 
the literature; however, there are no practical examples of 
how this is determined in practice. Glove sizes are indicated by 
a number that reflects the circumference measurements of the 
hand and wrist [30]. Glove size is critical to performance. A 
study by Powell et al. indicates that properly fitted gloves 
decrease exertion force compared with ambidextrous gloves 
and thus influence comfort [31]. Additionally, two studies 
identified finger length and fingertip fit to be indicators of poor 
fit [30,32] (Table II).

The importance of a specific glove-fitting session for train-

ees to select the optimum gloves while learning to scrub, gown, 
and glove was discussed, and the value of input and support 
from experienced surgical team members, such as nurses, was 
highlighted. A glove-fitting session should include the trying on 
of different sizes, types, and suppliers of gloves to ensure the 
best possible glove fit. Glove choice may need to be further 
tailored to the procedure to be performed, by considering the 
tactile sensitivity, performance, and protection required for a 
specific surgery.

The panel reflected that changing hand size and perform-

ance over the course of a long surgical career may necessitate 
additional glove-fitting sessions over time or when glove sup-

pliers/tenders change. The need to be remeasured for appro-

priate gloves is essential after manufacturer change, 
particularly if the surgical team member should notice a 
change in glove performance or experience issues such as 
chronic musculoskeletal pain.

A. Enz et al. / Journal of Hospital Infection 172 (2026) 115—128118 



Statement 3 is the only recommendation with a low level of 
evidence. Although direct evidence is limited, the panel 
included this as an ‘expert opinion’ recommendation because 
appropriate glove fit is a prerequisite for safe and effective 
surgical performance, and ensuring access to a range of sizes 
and styles is a low-risk, high-feasibility systems measure that 
supports equitable fit across the surgical workforce.

Double gloving (consensus statement 4)

Professional title may drive who double gloves; for example, 
in one orthopaedic surgery study, the surgeon and the first

assistant always double gloved, whereas the scrub nurse and 
second assistants did not [33]. In a recent ethnographic qual-

itative research study of 387 operating room healthcare pro-

fessionals from Germany, India, Italy, and the USA, responses 
were highly variable for frequency of double gloving by coun-

try, yet universally higher rates were observed when comparing 
surgeons with scrub nurses and surgical technologists. 
Respondents used single gloving as part of their routine for 52% 
of their surgical time, and the decision to single vs double glove 
was dependent on factors including perceived risk of surgery, 
knowledge of patient blood-borne illnesses, performance and
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• Narrative review (6)
• In vitro (8)
• Could not source (3)
• Veterinary (1)
• Addition after hand search (1)

Excluded abstracts
(N=7543)

Bibliographic databases: PubMed (2337),
Embase (1462), Google Scholar (5934),

Cochrane database (404)

Glove fit (N=1188), double gloving (N=834),
indictor gloves (N=2589),
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Figure 1. PRISMA flow chart. Flow diagram illustrating the number of records identified, screened, included, and excluded at each stage 

of the review process, in accordance with the PRISMA 2020 guidelines. PRISMA, Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis; N, number of records.
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Table II

Summary table of the 10 clinical practice recommendations that reached consensus

Clinical question Statement

No.

Consensus statement Aggregate 

level of 

evidence

Recommendation Strength of 

evidence

Risk of 

bias

Rounds 

of voting

Consensus 

on statement

Glove fit #1 All members of the surgical 

team should undergo a glove 

fitting (glove size and type) 

before scrubbing into the 

operating room for the first 

time.

IB Expert opinion Good quality Some 2 100%

#2 Additional glove fitting 

should occur in the event of 

a manufacturer change and/ 

or when elements of 

comfort or performance are 

impacted.

IB Change practice Good quality Some 1 82%

#3 Appropriately fitting gloves 

of variable sizes and styles 

should be available to 

members of the surgical 

team, regardless of sex or 

race.

V Expert opinion Low quality High 1 82%

Double gloving #4 Double gloving should be 

considered in surgery for the 

purpose of reducing the risk 

of aseptic barrier breach 

and exposing surgical team 

members to risk.*

*The panel recognized that 

there are clinical or 

procedural circumstances 

whereby single gloving may 

be appropriate. However, 

the level of evidence 

supports double gloving for 

provider safety. Glove 

change of single gloves at 

regular time intervals or risk 

increased surgical steps has 

been demonstrated as a 

sufficient measure to cope 

with the risk of glove 

perforation and exposure. 

IA Change practice High quality Low 1 92%

Indicator systems #6 When double gloving, all 

scrubbed surgical team 

members should use an 

indicator inner glove for all 

surgeries to facilitate glove 

perforation detection.

IA Change practice High quality Low 2 100%

Glove damage and 

glove change 

frequency

#7 In any surgical procedure, 

the surgical team members 

may consider changing 

single gloves or outer gloves 

at regular intervals during 

the procedure and/or 

depending on surgery-

specific activities. Based on 

the risk of glove damage,

IIIA Consider this 

practice change

Good quality Some 2 90%

A. Enz et al. / Journal of Hospital Infection 172 (2026) 115—128120 



tactile sensitivity, and comfort and fatigue. Clinicians were 
more concerned with ensuring tactile sensitivity and technical 
performance during surgical cases than with their personal 
safety [34]. Two Cochrane systematic reviews and meta-

analyses have demonstrated that double gloving reduces the 
risk of occupational blood exposure to surgeons [4,35] Table II).

The evidence supporting double gloving practice is demon-

strated in the significant differences between single glove 
perforation rates and inner glove, double glove perforations 
identified in a systematic review of 45 studies (manuscript in 
review). Studies were drawn from a large group of specialties 
including mixed surgical cases (17), orthopaedics (9), obstet-

rics and gynaecology (6), general surgery (3), and single studies 
across nine additional specialties. In total, seven 1A studies 
support double gloving, with four assessed as low risk of bias 
and three with some risk of bias. Eight level II and 31 level III 
studies were similarly identified.

Many double gloving studies assessed differences in the rate 
of glove perforation during surgery, but not all examined the 
impact on SSI or clinical outcomes. The expert panel 
agreed that double gloving may not be necessary for all sterile 
procedures, such as arterial line insertion, bedside procedures, 
or some emergency department procedures. With respect to 
the decision to double glove, the following should be 
considered:

• The risk of glove perforation in particular surgeries may be 
higher if handling instruments, manipulating bone, or 
suturing, which indicates double gloving.

• Studies demonstrate that over 70% of perforations are not 
visible to the provider during surgery and were only 
detected on postoperative water leak testing [36—40]. 
Moreover, these studies demonstrate that perforations 
were more readily identified in double gloves than in single 
gloves. One study found that 95.5% of glove perforations 
were unnoticed by the wearer, supporting double gloving 
to protect surgical teams [36]. A further study noted that 
small tears in gloves are more common than needlestick 
punctures [41], with multiple studies finding that longer 
surgical time leads to a higher risk of glove perforation 
[42—44].

• Four studies [45—48] reported an increased risk of SSI and 
glove perforation or an association with SSI and glove 
perforation. A case—control analysis in Hong Kong of 1,226 
primary total knee arthroplasties, where both inner and 
outer glove perforations were noted during the operation, 
was compared with a case—control subset (n=183) where 
no perforation was noted. The rate of superficial SSI was 
significantly higher in the perforated group, but no differ-

ence was noted in prosthetic joint infection. A study by 
Rehman et al. in 389 spinal fusion patients demonstrated a

Table II (continued )

Clinical question Statement

No.

Consensus statement Aggregate 

level of 

evidence

Recommendation Strength of 

evidence

Risk of 

bias

Rounds 

of voting

Consensus 

on statement

this interval is advised to be 

60—120 min.

#8 During orthopaedic 

procedures (excluding 

arthroplasty), surgical team 

members may consider 

glove change at regular 

intervals of 60—120 min.

IIB Consider this 

practice change

Good quality Some 1 100%

#9 In total joint arthroplasties, 

surgeons should change 

outer gloves at routine 

procedural steps, including 

after draping, before and 

after cement, before 

prosthetic handling, before 

closure, if the procedure 

extends beyond 60 min, and 

immediately when a 

perforation is seen.

IB Change practice Good quality Some 1 92%

#10 During general surgery 

procedures, surgical team 

members should change 

gloves prior to abdominal 

closure as part of a bundle. 

IA Change practice Good quality Some 1 90%

#12 During Caesarean sections, 

surgical team members 

should change gloves after 

placenta delivery and prior 

to abdominal closure.

IA Change practice High quality Low 2 100%

NB: Statements that did not reach consensus are detailed in the text.
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statistically significant reduction in the infection rate from

3.35% in group A (control) to 0.48% in group B (double glove 
and removal of outer gloves prior to handling 
instrumentation) (P=0.0369) [48]. Conversely, studies by 
Nagai et al. and Misteli et al. did not show a difference in 
SSI related to differences in perforation rates [49,50]. One 
study focusing on the potential for bacterial migration 
through unnoticed micro-perforations via a modified 
Gashen method confirmed microbiologically that migration 
in micro-perforations of surgical gloves does occur under 
real surgical conditions [51]. Overall, the panel concluded 
that studies reporting on the association between infection 
and glove perforation were not sufficiently powered to 
assess this relationship. There is currently insufficient 
evidence to suggest causality between double gloving and 
SSI in patients.

• The panel reflected that the risk of glove perforation

during surgery needs to be balanced against the risk to 
aspects of surgical performance related to effects on 
tactile sensitivity of double gloving. However, the panel 
was conflicted on this issue, with some members indi-

cating that, after an adjustment period, there is no limi-

tation in tactile sensitivity when double gloving, while 
others cited specific instances where they preferred sin-

gle glove for added sensitivity. A loss of manual dexterity 
during double gloving has been reported, but the lack of a 
standardized method for the measurement of manual 
dexterity makes the clinical importance of this finding 
difficult to interpret [4].

• Double gloving may be unnecessary in situations such as

small, short procedures or operations where the surgeon 
has scrubbed in but is supervising/teaching.

Indicator systems (consensus statement 6) 
The benefits of indicator glove usage to detect perforations 

are detailed in multiple studies, including a Cochrane review 
and a systematic review, using different coloured gloves from 
multiple manufacturers. The systematic review demonstrated 
the highest aggregate level of evidence across all studies of any 
research question, to support a practice change recom-

mendation [52]. Of the 32 articles identified, 10 were level I 
studies (eight — IA low risk of bias [3,8,53—58]; two — IA 
moderate risk of bias [59,60] Table II.

Glove perforation detection with indicator gloves is repor-

ted to be twofold to sixfold higher than using two gloves of the 
same colour [3,8,43,54—56,59]. Consensus statement 6 was 
agreed upon unanimously by all members based on strong 
supporting evidence. Multiple suppliers offer indicator sys-

tems, and glove fitting, perforation detection effectiveness, 
comfort, and surgical performance should be evaluated.

Glove damage and glove change frequency (consensus 
statements 7—12)

In a systematic analysis (manuscript in review), 165 articles 
met the inclusion criteria, demonstrating the overwhelming 
awareness of the challenge of glove damage and barrier breach 
during surgical practice.

The panel discussed the evidence regarding increased glove 
damage observed over time during all surgeries, regardless of 
surgical specialty. Forty-five articles recommended glove 
changes at specific time points during surgery based on the 
frequency of perforations (Figure 2). Several review studies, 
covering multiple specialties, recommended implementing a 
routine glove change protocol [42,44,47,61]. Glove damage 
was observed at varying surgical times, but there was a clear
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trend of increasing chance of glove damage over time [62,63].

Numerous studies demonstrated a high rate of glove perfo-

rations when surgical duration exceeded 2 h [47,60,64,65]. 
Fourteen of the reviewed studies recommended changing 
gloves within the interval of 60—120 min. The panel recognized 
that many surgeons routinely change gloves during surgeries, 
often at specific steps during the procedure, but the actual 
frequency of glove damage necessitates changes at regular 
intervals even when visual damage is not observed. The data 
also demonstrated the importance of glove changes for the 
entire surgical team [36,66], with studies showing comparable 
rates of perforation between nurses and scrub technologists/ 
first assistants with surgeons in 11 studies [62,65,67—75] and 
greater frequency of perforations compared with surgeons in 
nine studies [40,47,76—82] Table II).

During orthopaedic surgery, the surgical team may handle 
instruments, saws, sharp implants, and wires, thus increasing 
the risk of glove perforation [42,72]. The duration of ortho-

paedic surgery was associated significantly with an increase in 
the perforation rate over time in the majority of identified 
studies (Figure 3). Eleven of the reviewed papers recom-

mended optimum times for glove change, of which nine papers 
(81%) presented level I or level II evidence. The suggested glove 
change time ranged from 20 min to 120 min, with a mean time 
of 60 min [44,47,64,65,83]. The panel agreed that frequent 
glove changes may be required during long orthopaedic 
procedures.

Five studies demonstrated that revision arthroplasty had 
higher perforation rates than primary procedures, with rates of 
glove damage 2—3 times higher than those in primary operation 
[16,19,65,70,84]. One study demonstrated that glove perfo-

rations in revision surgery were significantly higher for the first 
assistant than for other team members [70].

Several high-quality studies recommended glove changes at

particular points during arthroplasty surgeries, including after 
draping [65,85,86], before cementing [65,85,86], and after 
cementing [85,86], with further changes advised during both 
implantation phases and arthroplasty reduction [85], or every 
20 min or when a visible perforation is seen [65].

During orthopaedic arthroplasties, different rates of glove 
damage were identified with different procedures, such as 
draping, cementing, bone preparation, plating, nailing, partial 
and total hip replacement, and total knee replacement. In the 
2005 study by Al-Maiyah et al., the experimental group 
changed their outer gloves at 20-min intervals and before 
cementing [65]. The control group changed outer gloves prior 
to cementation and with any visible perforation. At each glove 
change, researchers compared rates of glove contamination 
using agar cultures and glove perforation rates. A statistically 
significant decrease in bacterial contamination and perforation 
was observed when gloves were changed at 20-min intervals 
during total hip arthroplasty. During primary knee arthroplasty, 
glove damage was most frequently associated with component 
reduction [87]. Risk factors associated with a higher glove 
failure rate in orthopaedic surgery by multivariate regression 
included patient body mass index (BMI) (odds ratio [OR]: 0.974, 
P = 0.681), operating time (OR: 0.996, P=0.327), and experi-

ence of the surgeon (OR: 14.448, P<0.01) [88]. One study 
identified a statistically significant difference in the rate of 
perforation between emergency arthroplasty (41.4%) and 
elective cases (30.0%), P<0.05 [69]. A systematic review of 12 
arthroplasty studies (3 randomized controlled trials [RCTs] and 
9 cohort studies) recommended glove changes at four intervals 
to reduce the risk of prosthetic joint infection: after draping, 
before handling implants, when visual perforation is seen, or at 
least once per hour [9].
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The panel discussed the evidence supporting glove change 
as an important part of a bundle. A bundle may be defined as a 
set of evidence-based interventions that improve patient out-

comes when performed together [89]. The evidence shows a 
clear improvement in clinical outcomes, such as SSI, when 
gloves are changed as part of a bundle of care interventions 
[90]. Ademuyiwa et al. published the CHEETAH (ClustHr 
EandomisEd Trial of sterAile glove and instrument cHange at 
the time of abdominal wound closure) study, an international, 
multi-site, cluster-RCT performed in seven low- and middle-

income countries (Benin, Ghana, India, Mexico, Nigeria, 
Rwanda, and South Africa), examining the use of a bundle of 
glove and instrument changes before abdominal closure on the 
rates of SSI [91]. Any hospital performing abdominal surgery 
was eligible, and facilities were clustered and randomized into 
the standard of practice (42 hospitals using their usual prac-

tice, respectively) and 39 hospitals where gloves and instru-

ments were changed. Procedures included emergency and 
elective abdominal surgeries and were classified as clean-

contaminated, contaminated, or dirty (CDC designation). 
Caesarean section operations were excluded. In total, 13,301 
consecutive patients were enrolled (7,151 to usual practice 
and 6,144 to the intervention). Changing gloves and instru-

ments prior to abdominal closure was found to be statistically 
significant compared with standard care: SSI rate 1280 (18.9%) 
of 6,768 in the current practice group vs 931 (16.0%) of 5,789 in 
the intervention group (adjusted risk ratio: 0.87, 95% con-

fidence interval [CI]: 0.79—0.95; P=0·0032). In several of the 
reviewed studies on the use of bundles, a change of gloves in 
combination with instrument change prior to abdominal clo-

sure was recommended [90,92,93], with one of the three 
studies reporting a reduction in SSI incidence for up to 30 days 
after surgery [92].

During general surgical procedures, glove damage is asso-

ciated with wound closure due to suturing and possible surgeon 
fatigue [59,87]. A similar finding was noted with knot tying 
during suturing in orthopaedic cases [19]. Three studies 
observed that the type of needle used to close the abdominal 
fascia impacted glove perforation, with blunt tapered needles 
significantly reducing the risk of glove damage compared with 
cutting or sharp needles [94—96]. Two studies identified 
greater glove perforation risks when using the ‘hands-in’ clo-

sure technique, where the surgeon’s hand is used within the 
wound, compared with the ‘no-touch’ technique, where the 
wound edges are manipulated by the use of instruments only 
[97,98].

A high frequency of glove perforation is observed during 
Caesarean section procedures, along with a higher risk of SSI 
due to contamination from the genital tract [93]. Two sys-

tematic reviews with meta-analysis recommend changing 
gloves after delivery of the placenta but before closure of the 
abdominal wall as this intervention significantly decreased the 
incidence of SSIs [99,100]. Further studies found that glove 
change prior to abdominal closure significantly reduced the 
rate of postoperative wound complications [92,93,100,101]. 
Two level III evidence studies recommend a glove change at a 
mean of 50 min of surgical time to avoid glove perforation risks 
[61,102].

Discussion

Four parallel systematic reviews identified the current evi-

dence regarding surgical gloving practice addressing four areas 
of concern: glove fit, double gloving, indicator gloves, and 
glove change frequency. Results highlight the importance of 
proper glove fit for the optimization of surgical dexterity, the 
additional benefit of an indicator glove system for the detec-

tion of glove perforations, and evidence supporting the routine 
changing of gloves, particularly during long or high-risk pro-

cedures, for the maintenance of an effective aseptic barrier.

The glove fit recommendations devised from the systematic 
review align with existing guidelines supporting the importance 
of proper glove sizing for the optimization of surgical manual 
dexterity, comfort, and glove performance [10,12]. The rec-

ommendations here extend beyond current guidelines, 
emphasizing the importance of routine, individualized glove-

fitting sessions that address sex and anatomical 
differences that are repeated during training, after manu-

facturer glove changes, and throughout a surgical career.

The indicator glove consensus recommendations align with 
current guidelines and include a recommendation to extend 
the use of indicator systems to all procedures. This highlights 
strong evidence that the use of indicator gloves can improve 
the rate of detection of glove perforation by 2—6 times com-

pared with standard double gloving alone [3,8,43,54—56,59].

The double gloving systematic review results were con-

sistent with a Cochrane systematic review and multiple studies 
that have observed a statistically significant reduction in the 
rate of surgical glove perforation when double gloves were 
used compared with single gloves [4,35,36,41,42]. The rec-

ommendations align with existing WHO and AST guidelines, 
with further recommendations for the broad adoption of dou-

ble gloving practice across all specialties while acknowledging 
that double gloving may not be appropriate in all surgical cir-

cumstances [10,12].

Consensus recommendations for glove change frequency are 
based on evidence from several studies, including systematic 
reviews, which have demonstrated that an increase in glove 
perforation rates is associated with an increase in surgical 
duration [47,60,62—65]. Current guidelines recommend glove 
change when gloves are compromised; however, these con-

sensus recommendations advocate for routine glove changes, 
at a predefined surgical time point (60—120 min) or procedural 
step, regardless of visible glove perforation. This addresses the 
problem of micro-perforations that may occur in up to 70% of 
surgeries and often remain undetected [36—40]. Furthermore, 
it was noted that a difference in glove change frequency may 
be required depending on whether single or double gloving is 
used.

The evidence synthesis reflects the literature available up 
to the final search date (24 th January 2023). Following peer 
review, we performed a targeted post hoc check and identified 
two subsequent publications focused on hand hygiene and/or 
non-sterile examination glove practices, with no direct impli-

cations for sterile surgical glove change frequency; therefore, 
the present perioperative recommendations remain unchanged 
[103,104].
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Considerations for future research

Draft statement #5 did not reach consensus during voting 
(30% agreement). The statement read, ‘When double gloving, 
surgical team members may consider donning the inner 
underglove a half size larger than the outerglove.’ The 
statement was not accepted based on the limited evidence to 
support it. More research is needed to determine the appro-

priate sizing convention when double gloving.

Draft statement #11 did not reach consensus during voting 
(73% agreement). The statement read ‘During general surgical 
procedures consider using an “instrument only/no-touch” 
technique and use blunt-tipped suture needles during 
abdominal wound closure to reduce the risk of glove damage.’ 
The statement was not accepted due to lack of evidence as 
well as clinical and technical considerations, such as poten-

tially damaging effects of a blunt-tip needle on the fascia of 
the abdominal wall, which may outweigh unproven benefits in 
reducing glove damage.

Future research is needed to determine the rate of inner 
glove puncture frequency when an outer glove perforation 
occurs. There is currently insufficient evidence to inform when 
inner gloves should be changed, or when donning a new, sterile 
outer glove to cover a punctured inner glove is sufficient. 
Furthermore, studies that are sufficiently designed and pow-

ered to detect a causal relationship between glove perforation 
and subsequent SSIs in patients are lacking. However, the 
feasibility of designing a study with sufficient control and 
sample size to detect a direct relationship is likely cost pro-

hibitive. Finally, research is needed to determine sex-related 
differences in palm width, finger length, wrist circum-

ference, and associated measurements that influence glove fit. 
As most gloves are made from a standard former/cast, sex-

specific measurements are required to inform manufacturers 
and enable them to produce appropriate glove dimensions for 
fit and performance across the surgical team.

In conclusion, the expert panel reached consensus on 10 
clinical practice recommendations around glove use in surgical 
practice. These clinical practice recommendations were based 
on the results of four systematic reviews with research ques-

tions focused on glove fit, double gloving, indicator glove sys-

tems, glove damage, and glove change frequency. This 
comprehensive systematic review on surgical gloving may 
contribute to the discussion regarding the best practice for 
glove selection and use during surgery.
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