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The effectiveness of the surgical 
helmet system in reducing 
infection and contamination  
in arthroplasty procedures:  
An integrative review
Abstract
Background: Peri-prosthetic joint infections are a serious complication 
of primary arthroplasty procedures. While surgical helmet systems are 
commonly used, limited guidelines exist to support their effectiveness in 
preventing infection. 

Aim: This integrative review aims to synthesise relevant literature on the role 
of the surgical helmet system in arthroplasty procedures.  

Design: An integrative review process was undertaken.

Method: A literature search was conducted for primary literature in PubMed, 
Scopus and ESBCO using the keywords ‘surgical helmet’ AND ‘contamination 
OR infection’ AND NOT ‘COVID’. Studies involving COVID-19 were excluded. 
Of the 44 retrieved studies, 13 met the inclusion criteria after removing 
duplicates and reviewing titles. This included one randomised controlled trial, 
six quasi-experimental studies, five observational analytical studies, and one 
observational descriptive study. The quality of the literature was assessed 
using EQUATOR network (Enhancing QUAlity and Transparency Of health 
Research network) guidelines.

Findings: Findings indicate that the use of the surgical helmet system is 
associated with lower infection rates in arthroplasty procedures when 
compared to standard surgical attire. Additionally, the literature explores 
techniques to further reduce contamination rates with the surgical helmet 
system, including wrapping the glove–gown interface, treating the sterile 
surgical helmet system hood as unsterile, delaying fan activation, running the 
fan for three minutes before entering the operating room, covering the back 
of the surgical gown and having a non-sterile team member apply the sterile 
surgical helmet system hood.

Conclusion: The use of a surgical helmet system in arthroplasty procedures 
reduces infection rates compared to standard surgical attire. This integrative 
review highlights the importance of implementing additional practices to 
reduce intra-operative contamination rates when using the surgical helmet 
system. Further research is needed to strengthen the findings from this 
integrative review.
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Introduction
Peri-prosthetic joint infection is 
a serious complication of elective 
arthroplasty procedures1. It can 
result in decreased quality of 
life and restricted mobility for 
the patient, and an increased 
rate of mortality and morbidity2. 
Furthermore, it places a significant 
financial burden on the health 
care system3. The causes of peri-
prosthetic joint infections are 
complex and multifactorial4. 

Sterile surgical attire, worn by the 
surgical team intra-operatively, 
routinely includes the use of the 
surgical helmet system (SHS) in 
arthroplasty procedures5. Once 
surgical hand antisepsis is complete, 
a sterile hood is placed over the 
SHS before the gown and gloves are 
donned. The SHS offers full coverage 
of the face and head, serving as 
personal protective equipment 
against surgical debris6. However, 
despite its common application 
in arthroplasty procedures, there 
are limited guidelines on the intra-
operative use of the SHS and its 
impact on peri-prosthetic joint 
infection rates5. 

Aims
This integrative review focuses 
on the effectiveness of the 
SHS in reducing infection and 
contamination in arthroplasty 
procedures. This paper aims to 
provide relevant literature that 
assists perioperative nurses in 
making informed decisions about 
using the SHS in arthroplasty 
procedures. 

Methods
Design
This review used an integrative 
review design where both 
quantitative and qualitative research 

data were included and followed the 
framework of Whittemore and Knafl7.

Search strategy  
A comprehensive literature search 
was undertaken using the databases 
PubMed, Scopus, ESBCO: CINAHL 
Complete, Health Source: Nursing/
Academic Edition, Medline and 
Medline Complete. The search 
strategy included Boolean operators 
and keywords/phrases as follows: 
‘Surgical helmet’ AND ‘Contamination 
OR infection’ AND ‘NOT COVID’.

Inclusion and exclusion 
criteria
Inclusion criteria included literature 
that was published in English 
within the last five years, full text 
articles and research that focused 
on the SHS and either infection or 
contamination.  

Exclusion criteria included poor 
quality papers that did not align with 
the EQUATOR network (Enhancing 
QUAlity and Transparency Of health 
Research network) checklists, non-
primary literature, papers older than 
five years, papers that discussed 
modifying the SHS for any reason 
and research that investigated 
SHS application in COVID-19 cases 
because during the pandemic the 
SHS was used in surgeries other than 
those it is traditionally used in.  

Data extraction
Guided by the research aims, a 
total of 44 studies were initially 
retrieved. The removal of duplication 
papers left 16 articles. The titles and 
abstracts were screened and articles 
that did not meet the inclusion 
criteria were removed. A total of 13 
articles remained and were included 
in this review. This is represented in 
Figure 1 as the Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow 
diagram8. The quality of the studies 

varied. There was one randomised 
control trial, six quasi-experimental 
studies, five observational analytical 
studies, and one observational 
descriptive study.

Data evaluation  
The EQUATOR network guidelines 
were used to appraise the primary 
research studies included in the 
review to ensure that the selected 
papers were of good quality. 
CONSORT (Consolidated Standards 
of Reporting Trials) was used 
for randomised control studies, 
TREND (Transparent Reporting of 
Evaluations with Non-randomized 
Designs) for quasi-experimental 
studies and STROBE (STrengthening 
the Reporting of OBservational 
studies in Epidemiology) for 
observational studies. 	

Discussion 
The SHS is commonly used in 
orthopaedic arthroplasty procedures 
to protect against surgical debris6. 
The SHS consists of a helmet with an 
internal fan and is covered during a 
procedure with a single-use sterile 
hood with a visor, applied by either a 
sterile or non-sterile team member6. 
The SHS surgical attire is made up 
of the SHS with a sterile hood, gown 
and gloves6. A variant, known as the 
Toga, combines the sterile hood and 
gown into one piece with a zipper 
to close the gown at the back9. 
Standard surgical attire includes a 
surgical cap or hood, mask, gown 
and gloves6. Although there may 
be differences in the sterile attire 
that can be worn intra-operatively, 
perioperative nurses must follow 
evidence-based standards of 
practice set out in the Australian 
College of Perioperative Nurses 
(ACORN) Asepsis standard10 to ensure 
the quality and safety of health 
care provided to patients. However, 
there are currently no standardised 
guidelines for the use of the SHS 
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during arthroplasty procedures. This 
integrative review aims to address 
this knowledge gap and promote 
evidence-based practices.

Of the thirteen papers included 
in this review a thematic analysis 
highlighted four themes – ‘infection 
control in surgery – the case for 
using the surgical helmet system 
and its effect on patient outcomes 
and team contamination’, ‘impact of 
delayed fan activation in the surgical 
helmet system’, ‘evaluating positive 
pressure challenges of the surgical 
helmet system’ and ‘optimising 
donning techniques for the surgical 
helmet system’.

Infection control in 
surgery – the case for 
using the surgical helmet 
system and its effect on 
patient outcomes and team 
contamination 
The SHS not only protects the patient 
from possible surgical site infection 
but also protects the wearer 
from contamination by airborne 
particles. Two of the included 
studies5,10 analysed post-operative 
infection rates in arthroplasty 
procedures, comparing the SHS 
surgical attire to standard surgical 
attire. Rahardja et al.5 performed 
an observational analytical study 
with a case-controlled design 
(n = 19 322) investigating prosthetic 
joint infection after primary total 
knee arthroplasty surgery. Data 
was collected from the New 
Zealand Surgical Site Infection 
Improvement Programme and 
the New Zealand Joint Registry. 
A lower rate of prosthetic joint 
infection was found when SHS 
surgical attire was used compared 
to when standard surgical attire 
was used – 0.35 per cent compared 
to 0.58 per cent (p = 0.008)5. After 
adjustment, the revision rate for 
deep infection with the SHS surgical 

attire was 0.42 per cent compared to 
0.49 per cent for standard surgical 
attire, with a statistically significant 
difference (adjusted OR = 0.55, 
p = 0.022)5. The significant p values 
indicate a reduction in infection and 
revision associated with the SHS 
compared to standard surgical attire 
in primary total knee arthroplasty 
surgery5. This study was performed 
in New Zealand but remains highly 
relevant to the Australian context 
due to comparable standards of care. 

On the other hand, So et al.11 
performed an observational 
analytical study of total ankle 
arthroplasty patients that compared 
infection rates with the surgeon 
wearing SHS surgical attire (n = 109) 
and the surgeon wearing standard 
surgical attire (n = 151). No significant 
difference was detected in overall 
infection or peri-prosthetic joint 
infection rates (p = 0.411)11. However, 
this study only analysed ankle 
arthroplasty procedures conducted 
in multiple centres in the United 
States with a sample size of 260, 
which affects the robustness of the 
findings11. In comparison, Rahardja 
et al.5 analysed a sample size of 
19 322. Furthermore, the arthroplasty 
procedures performed in both 
studies are different, which may 
contribute to the different results. 

As well as protecting the patient, 
SHSs also protect the wearer from 
exposure to airborne contaminating 
particles. In their observational 
descriptive study employing a 
cross-sectional design, Putzer et 
al.12 demonstrated the need for staff 
members exposed to high amounts 
of contamination from aerosol-
generating procedures to wear an 
SHS. The simulation experiment 
investigated the particles and 
aerosol created during high-speed 
burring and found that particles 
smaller than 0.3μm were generated12. 
Surgical masks may not filter 

such small particles; therefore, it 
is recommended that all sterile 
staff wear the SHS during aerosol-
generating procedures12.

Impact of delayed fan 
activation in the surgical 
helmet system  
The SHS fan can be activated before 
or after donning sterile attire. Eggers 
et al.13 explored this in a randomised 
controlled trial comparing 
contamination rates for three 
cohorts – standard surgical attire, 
SHSs with delayed fan activation and 
SHSs without delayed fan activation. 
The Toga style of SHS hood was used 
(a combined gown and SHS hood 
with a zipper at the back9). Various 
areas of the sterile person within the 
sterile field were swabbed at the end 
of the procedure (n = 180). 

Positive culture rates for the 
surgical cases were 15 per cent 
for the standard surgical attire, 
18 per cent in the SHS surgical 
attire with delayed fan activation 
and 25 per cent in the SHS surgical 
attire without delayed fan activation 
(p = <0.05)13. After excluding positive 
culture rates from the SHS hood, 
contamination rates were seven per 
cent for the SHS surgical attire with 
delayed fan activation and eight 
per cent for the SHS surgical attire 
without delayed fan activation13. 

Contamination rates from the face 
shield were 18 per cent for the 
SHS surgical attire with delayed 
fan activation and 25 per cent 
(p = <0.05) for the SHS surgical attire 
without delayed fan activation but 
the difference was not statistically 
significant13. Based on their results, 
the authors recommend delaying 
fan activation and excluding the 
helmet and face shield from the 
sterile field13. 
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A limitation of this study is that 
the standard surgical attire cohort 
included any orthopaedic procedures 
while the two SHS cohorts included 
arthroplasty procedures13.

Thaler et al.14 explored the 
contamination of the SHS helmet 
and surgical gloves during and 
after arthroplasty procedures. In 
this observational study without a 
control group (n = 49) swabs were 
taken during and at the end of the 
arthroplasty procedure from the 
sterile team member’s gloves and 
the SHS helmet. The researchers 
found that contamination of either 
the gloves or the SHS helmet was 
evident in 20 of the 49 arthroplasty 
procedures studied14. These results 
reinforce those of Eggers et al. 
that contamination can exist on 
the SHS helmet intra-operatively 
and it should be deemed unsterile. 
However, as Thaler et al. did not 
measure contamination rates of 
standard surgical attire their findings, 
while valuable, lack significance 
when comparing the SHS surgical 
attire to standard surgical attire14.

Moores et al.15 compared 
contamination of hands and gown 
when using standard orthopaedic 
hoods and SHSs with the fan 
activated and not activated in a 
quasi-experimental prospectively 
controlled study (n = 18). The 
researchers counted particles and 
took culture samples three times 
from two locations, inside and 
outside laminar flow areas, when 
a standard orthopaedic hood was 
used and when the SHS was used, 
with and without the fan activated. 
No positive cultures were found on 
the agar plates in the experiment; 
however, the background colony 
count increased 3.7 times with the 
SHS fan switched on (p = 0.004)15. 
This suggests that when the fan from 
the SHS is on it could contribute to 
the contamination of surgical attire 
and parts of the sterile field that are 
close to the SHS15.

Similarly, an experimental 
prospectively controlled study 
(n = 21) by Kang et al. 6, found that 
if the fan in the SHS was activated 
before the surgeon donned their 
gown and gloves, contamination 
was evident in most body regions 
of the surgeon. In contrast, when 
the fan in the SHS was activated 
later, after the surgeon donned 
their gown and gloves, minor levels 
of contamination were found 
in only two of 11 body regions6. 
Additionally, when the fan in the SHS 
was activated before the surgeon 
donned their gown and gloves, 
contamination occurred on the 
sterile member donning the sterile 
SHS hood6. 

Furthermore, in an observational 
study without a control group 
(n = 20), Lynch et al.16 analysed the 
relationship between bacterial 
load and the initial run time of an 
SHS fan. Agar plates were placed 
under the outflow vents of surgical 
helmets and exchanged at different 
time points. The results indicate 
that the first minute of fan operating 
time produced the highest number 
of colonies (27) on the agar plate, 
possibly indicating dispersal of 
contaminants present on the helmet 
before the fan was activated16. There 
was a significant reduction in the 
number of colonies at three, four 
and five minutes (five, three and four 
colonies (p = <0.01), respectively)16. 
The researchers recommend 
that SHS fans are run for at least 
three minutes before entering the 
operating room16.

Similarly, Tarabichi et al.17 
demonstrated the SHS as a 
contamination source in an 
observational study without a 
control group (n = 132) that involved 
swabbing the SHS. Among the swab 
samples from the SHS, 73 per cent 
yielded bacteria on culture17. This 
study demonstrated that SHSs 
harbour common pathogens that 

could cause surgical site infections17 
and the fan could facilitate their 
spread onto the sterile field.

The results of these studies 
suggest that combining the 
recommendations – that is, turning 
the fan on for three minutes outside 
the operating room, then turning it 
off until after scrubbing and donning 
surgical attire – may be worth 
considering.

Evaluating positive pressure 
challenges of the surgical 
helmet system 
Positive pressure is created when air 
is blown into the SHS suit. Chen et 
al.18 conducted a quasi-experimental 
prospectively controlled study that 
compared leakage through the 
glove–gown interface when SHS was 
used, when SHS was not used and 
when the glove–gown interface was 
sealed and not sealed. The results 
identified a consistently higher 
leakage intensity via the glove–gown 
interface when SHS was used and 
the glove–gown interface was not 
sealed (p=0.05)18. Sealing the glove-
gown interface is recommended 
when using SHS to reduce the risk of 
contamination18.

Positive pressure in the SHS results 
in particles being blown out through 
areas of low resistance. Some SHSs 
have a second fan to release air 
and, in theory, reduce pressure. 
Vermeiren et al.19 conducted a 
quasi-experimental prospectively 
controlled study comparing particle 
contamination of the gown in single-
fan versus two-fan SHSs (n = 20). No 
difference was found in overall gown 
particle contamination between 
the systems but all tests displayed 
contamination at the gown–glove 
interface19 further suggesting the 
need for the glove-gown interface to 
be sealed.

The back of the sterile surgical gown 
provides a way for air and airborne 
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contaminants to escape from the 
SHS9. Konopitski et al.9 conducted 
a quasi-experimental prospectively 
controlled study (n = 36) comparing 
contamination rates of a standard, 
rear-tied gown, a standard gown 
with a vest that covers the back 
of the gown, and Toga-style gown 
closed with a zipper. Airborne 
microbial particles were collected 
on agar plates positioned behind 
the surgeon, and bacterial colony-
forming units (CFUs) were counted 
after the plates were incubated9. 
The highest contamination rate 
was found with the standard gown 
(331.7 ± 52.0 CFU/m2/h), the rate 
decreased by 45 per cent (182.2 ± 
30.8 CFU/m2/h) with the gown and 
vest, and by 49 per cent (170.5 ± 
41.9 CFU/m2/h) with the Toga-style 
gown (P = 0.01)9. The researchers 
recommend that staff within the 
surgical field either use a vest to 
cover the back of the sterile surgical 
gown or wear a gown closed by a 
zipper to reduce contamination rates 
in the surrounding sterile field9.

Optimising donning 
techniques for the surgical 
helmet system  
There is a range of techniques used 
for donning SHS hoods and currently 
no recommendations for the most 
appropriate method20. McAleese et 
al.20 conducted a quasi-experimental 
prospectively controlled study 
(n = 100) comparing the bacterial 
contamination on the gloves of 
two groups of surgeons each using 
a different SHS hood–donning 
technique performed under laminar 
airflow with late fan activation. In 
the first group, the scrubbed and 
gloved surgeon placed the SHS 
hood over a colleague and then 
immediately press-inoculated all five 
fingers of both gloves in separate 
agar plates. In the second group, a 
non-sterile colleague, wearing sterile 
gloves, placed the SHS hood on the 

scrubbed but not gloved surgeon. 
The surgeon then donned sterile 
gloves and immediately press-
inoculated all five fingers of both 
gloves in separate agar plates. The 
researchers found no significant 
difference in bacterial contamination 
between the groups; nonetheless, 
the researchers advise that 
operating surgeons should be very 
careful when putting an SHS hood 
on a colleague to reduce the risk of 
contamination.20

McAleese et al.20 also investigated 
the baseline sterility of the SHS 
hood. Immediately after the hood 
was over the helmet, sterile culture 
swabs were collected from the 
screen and neckline. Six of the 50 
hoods tested (12%) were found to 
have a positive culture that isolated 
an organism. The researchers 
therefore suggest that the SHS hood 
should not be presumed to be sterile 
after application and intra-operative 
adjustment is inadvisable. 

Kang et al.6 investigated the effect of 
early and late SHS fan activation and 
found that contamination levels of a 
gowned and gloved scrub nurse who 
put the SHS hood on the surgeon 
were higher when the SHS fan 
was activated before the surgeon 
donned their gown and gloves (early 
activation) than when the SHS fan 
was activated after the surgeon 
donned their gown and gloves (late 
activation) 6. This indicates that 
optimal donning technique should 
include a non-sterile team member 
applying the sterile SHS hood before 
the SHS fan is activated but after the 
sterile team member has donned 
their gown and inner gloves6.

Conclusion
This integrative review provides an 
overview of recent literature about 
the effectiveness of the SHS in 
reducing infection and contamination 
in arthroplasty procedures. The 

findings indicate that the SHS reduces 
the rate of infections in arthroplasty 
procedures, compared to standard 
surgical attire, and protects the 
surgical team from debris and aerosol 
particles. Best practices to minimise 
potential contamination include 
wrapping the glove–gown interface, 
treating the sterile SHS hood as 
unsterile, delaying fan activation, 
running the fan for three minutes 
before entering the operating room, 
covering the back of surgical gown 
or using a zipper-closed gown, and 
having a non-sterile team member 
apply the SHS hood.

The insights gained from this 
integrative review can inform 
perioperative nursing practices 
involving the SHS for arthroplasty 
procedures, enabling high-
quality and safe health care for 
patients. Nonetheless, further 
research into the use of SHSs in 
arthroplasty procedures is needed 
to develop evidence-based practice 
recommendations.
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