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� ARTHROPLASTY

The effect of the surgical helmet system 
on intraoperative contamination in 
arthroplasty surgery
A FLUORESCENT QUANTITATIVE SIMULATION

Aims
The surgical helmet system (SHS) was developed to reduce the risk of periprosthetic joint 
infection (PJI), but the evidence is contradictory, with some studies suggesting an increased 
risk of PJI due to potential leakage through the glove-gown interface (GGI) caused by its 
positive pressure. We assumed that SHS and glove exchange had an impact on the leakage 
via GGI.

Methods
There were 404 arthroplasty simulations with fluorescent gel, in which SHS was used (H+) 
or not (H-), and GGI was sealed (S+) or not (S-), divided into four groups: H+S+, H+S-, H-S+, 
and H-S-, varying by exposure duration (15 to 60 minutes) and frequency of glove exchanges 
(0 to 6 times). The intensity of fluorescent leakage through GGI was quantified automatically 
with an image analysis software. The effect of the above factors on fluorescent leakage via 
GGI were compared and analyzed.

Results
The leakage intensity increased with exposure duration and frequency of glove exchanges in 
all groups. When SHS was used and GGI was not sealed (H+S-), the leakage intensity via GGI 
had the fastest increase, consistently higher than other groups (H+S+, H-S+ and H-S-) after 
30 minutes (p < 0.05) and when there were more than four instances of glove exchange (p 
< 0.05). Additionally, the leakage was strongly correlated with the duration of exposure (rs 
= 0.8379; p < 0.050) and the frequency of glove exchange (rs = 0.8198; p < 0.050) in H+S-. 
The correlations with duration and frequency turned weak when SHS was not used (H-) or 
GGI was sealed off (S+).

Conclusion
Due to personal protection, SHS is recommended in arthroplasties. Meanwhile, it is strongly 
recommended to seal the GGI of the inner gloves and exchange the outer gloves hourly to 
reduce the risk of contamination from SHS.
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Introduction
In the early days of arthroplasty surgery, the 
infection rate was as high as 9.5%.1 However, 
with advances in surgical hygiene and infec-
tion control measures, the rate has decreased 
to approximately 1% to 2%.2 It has been found 

that up to 98% of infections are caused by 
airborne microbial contaminations,3 and the 
primary source of this contamination is from 
personnel in the surgical theatre, particularly 
surgeons.4 Therefore, it is important to prevent 
microbial contamination by surgeons.
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In recent years, a positive pressure surgical helmet 
system (SHS) has been developed as a simpler alterna-
tive to the negative pressure body exhaust system (BES) 
for preventing surgeon-derived contamination in arthro-
plasty surgery.5 Although many surgeons view SHS as the 
successor of BES, their mechanisms of action are diamet-
rically opposed. With SHS, a ventilated helmet pumps 
air into the gown and hood, creating a positive pres-
sure that can lead particle leakage through various gaps 
with low resistance in the gown.6 This positive pressure 
raises concerns about potential contaminated particles 
from the collar-hood and glove-gown interfaces (GGI).7,8 
Moreover, some studies have suggested that SHS only 
protects surgeons and other scrubbed personnel from 
potential fluid and bloodborne transmissions,9 but does 
not reduce the incidence of surgical field contamina-
tions.10-14 As a result, the effectiveness of SHS in reducing 

the risk of surgeon-derived contamination and PJI has 
been questioned.

In this study, a fluorescent quantitative simulation was 
designed to investigate the risk of contaminated particle 
leakage via the GGI under various settings, including the 
use of SHS, sealing of GGI, duration of exposure, and 
frequency of glove exchange. Our hypothesis was that 
the positive pressure caused by SHS would increase the 
risk of particle leakage, especially with more frequent 
glove exchanges, while the sealing of the GGI would 
reduce it.

Methods
This is a simulation study, and institutional review board 
approval has been waived. The fluorescent quantita-
tive simulation was performed with ultraviolet fluores-
cent gel (Glo Germ, USA), which contains fluorescent 

Fig. 1

Method for fluorescent quantitative simulation. a) Hand scrubbing with fluorescent gel and fluorescent signal under ultraviolet (UV) light. b) Four specific 
groups for simulations (H+S+, H+S-, H-S+, and H-S-). c) Fluorescent leakage under UV light (red arrow) and fluorescent leakage intensity quantification (blue 
arrow).
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SHS without sealing GGI (H+S-), no SHS with tape sealing 
GGI (H- S+), and no SHS or tape (H- S-). The surgeon then 
used an empty saw with each hand for five minutes to 
simulate the bone resection during arthroplasty. The 
surgeon changed the outer gloves from zero to six times 
during the simulation. After excluding invalid simula-
tions, there were a total of 404 simulations analyzed in 
the study, including 107, 100, 99, and 98 simulations in 
H+S+, H+S-, H- S+, and H- S-, respectively. All simulations 
were performed on the same test subject to standardize 
the scrubbing, gowning, gloving, and glove exchange 
techniques.

At various time intervals (15, 30, 45, and 60 minutes), 
all sleeves were removed and flattened for photographs 
under UV light in the dark by Canon 5D2 (Canon, Japan) 
with the same angle, distance, and camera settings. 
The fluorescent leakage intensity of the area above GGI 
was quantified by the image analysis software (ImageJ, 
National Institutes of Health, USA) and expressed as an 
integrated density value (IDV), representing the sum 
of the intensity values of the target pixels in the 
image (Figure 1c).
Statistical analysis. Statistical analysis was performed 
using SPSS Statistics 26 (IBM, USA). The IDVs obtained 
from different simulation scenarios and timepoints were 
compared using a two- way analysis of variance (ANOVA) 
test, followed by a Tukey post- hoc test to identify signif-
icant differences. To assess the correlation between IDV 
and independent variables, such as duration of exposure 
and frequency of glove exchanges, Spearman’s rank cor-
relation coefficient (rs) wa s calculated fo r each group. 
A rs- value less than 0.4, between 0.4 and 0.6, between 
0.6 and 0.8, and greater than 0.8 were considered weak, 
moderate, strong, and very strong correlations, respec-
tively. A p- value less than 0.05 was considered statistical-
ly significant.

Results
When the frequency of glove exchange was fixed a t 0 , 
our results showed that the different simulation scenarios 
and duration of exposure had an effect on the IDVs of 
fluorescent leakage via GGI (p < 0.001, two- way ANOVA) 
with no interactions using two- way ANOVA (Figure 2 and 

Table I. Integrated density value of the different simulation scenarios at different timepoints without glove exchange. All values are presented as means with 
standard deviations and 95% confidence intervals.

Time Simulation scenarios

H+S+ H+S- H-S+ H-S-

15 mins 12.79 (4.42; 4.69 to 16.67) 14.18 (5.3; 7.15 to 21.95) 6.01 (2.78; 2.87 to 10.12) 8.31 (5.18; 1.03 to 16.62)

30 mins 16.07 (6.99; 7.76 to 30.39) 26.21 (3.17; 21.9 to 30.46) 11.91 (4.34; 7.25 to 18.54) 13.7 (5.74; 7.12 to 21.3)

45 mins 21.96 (4.84; 13.49 to 28.39) 34.49 (5.79; 26.13 to 40.99) 12 (7.4; 4.28 to 25.71) 12.08 (4.6; 7.17 to 19.08)

60 mins 25.04 (4.19; 19.57 to 31.16) 35.02 (4.28; 28.85 to 40.46) 13.05 (5.53; 4.51 to 19.97) 18.98 (2.61; 15.28 to 22.64)

H-, surgical helmet system was not used; H+, surgical helmet system was used; S-, glove-gown interface was not sealed; S+, glove-gown interface was 
sealed.

Fig. 2
Integrated density values of different simulation scenarios with time 
(minutes). *Significant difference from H- S+ (p < 0.05). **Significant 
difference from H- S- and H- S+ (p < 0.05). ***Significant difference from 
H+S+, H- S-, and H- S+ (p < 0.05).

particles comparable to the size of a bacterium (5 μm in 
diameter) to simulate contaminated particles on the skin 
(Figure 1a).We aim to investigate the degree of fluores-
cent leakage quantitatively under different circumstances, 
such as the use of SHS, the sealing of GGI, the duration of 
exposure, and the frequency of glove exchange.

After putting on a surgical gown (3M, USA) with or 
without SHS (Flyte; Stryker, USA), the surgeon scrubbed 
his hands with five drops (about 0.25 ml) of fluorescent 
gel simulating residual bacteria on the skin. After air- 
drying both hands, the surgeon put on a pair of powder- 
free gloves (Gammex, Ansell, Australia). The right GGI 
was sealed with surgical tape (3M), while the left was 
not sealed. Both hands are double- gloved, following our 
routine practice. An assistant then used a 365 nm ultravi-
olet (UV) lamp to ensure there was no fluorescent leakage 
before the start of the simulations.

The simulations were divided into four groups 
(Figure 1b), including SHS with tape sealing GGI (H+S+), 
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Table  I). Post-hoc LSD test revealed that the IDV of the 
SHS without sealing GGI (H+S-) was higher than the other 
three simulation scenarios from 30 minutes to 60 minutes 
(p < 0.050). The mean IDV at 45 minutes of H+S-, H+S+, 
H-S-, and H-S+ was 34.49 (standard deviation (SD) 5.79;
95% confidence intervals (CIs) 26.13 to 40.99), 21.96 (SD
4.84; 95% CI 13.49 to 28.39), 12.08 (SD 4.60; CI 7.17 to
19.08), and 12.00 (SD 7.40; CI 4.28 to 25.71) respectively
(Table I). The IDV of H+S- was higher than the two groups
without SHS (H-S+ and H-S-) at 15 minutes (p < 0.050,
Figure  2). The IDV of the SHS with tape sealing GGI
(H+S+) was greater than H-S+ at 15 minutes, and greater
than both H-S- and H-S+ at 45 and 60 minutes (p < 0.050)
(Figure 2). There was no difference in IDV between the
two simulation scenarios without SHS (H-S+ and H-S-).
The correlations between duration of exposure and IDV
were very strong in H+S- (rs = 0.8379; p = 0.001), strong
in H+S+ (rs = 0.6584; p = 0.001), and moderate in H-S- (rs

= 0.5770; p = 0.006), while there was no correlation in
H-S+ (p = 0.068) (Table II).

When the duration of exposure was fixed at 
60 minutes, our results showed that the different simula-
tion scenarios and frequency of glove exchange had an 
effect on the integrated density values (IDVs) of fluores-
cent leakage via GGI (p < 0.001) without any interactions 
(Figure 3 and Table  III). Post-hoc LSD test revealed that 
the SHS without sealing GGI (H+S-) had higher IDVs than 
the other three simulation scenarios when the frequency 
of glove exchanges were zero, one, four, five, and six 
(p < 0.050), and was higher than the two simulation 
scenarios without SHS at two and three glove exchanges 
(p < 0.050) (Figure 3). At four glove exchanges, the mean 
IDV of H+S-, H+S+, H-S-, and H-S+ was 53.30 (SD 6.91; CI 
45.91 to 64.28), 33.16 (SD 8.65; CI 21.52 to 42.24), 28.71 
(SD 0.12; CI 28.58 to 28.83), and 23.62 (SD 16.36; CI 
0.83 to 38.47), respectively (Table III). The SHS with tape 
sealing GGI (H+S+) had higher IDVs than H-S+ from zero 
to three glove exchanges (p < 0.050), and was greater 
than H-S- at two and three glove exchanges (p < 0.050). 
There was no difference in IDV between H-S+ and H-S- (p 
> 0.050). The correlations between frequency of glove
exchange and IDV was very strong in H+S- (rs = 0.8198,
p < 0.05) and turned moderate in H-S+ and H-S- (rs =
0.4850 and 0.5816, respectively, p < 0.05), while there
was no correlation in H+S+ (p > 0.05) (Table II).

Discussion
In this study, we used fluorescent quantitative simulation 
to investigate the effects of SHS and the sealing of GGI 
on particle leakage during arthroplasty surgery. Our find-
ings showed that, regardless of the duration of exposure 
or frequency of glove changes, particle leakage via GGI 
was the greatest when SHS was used without GGI sealing 
(H+S-), and was substantially reduced after proper 
sealing of the GGI. These results support our hypothesis 
that the positive pressure from SHS increases the risk of 
contaminant leakage via GGI. However, we acknowledge 
that surgical splash is an inherent risk in arthroplasty 
surgeries, exposing surgeons and other scrub personnel 
to potential fluid and bloodborne transmissions. Despite 
the risk of particle leakage via the GGI, the use of SHS 
is strongly recommended in arthroplasty to protect 
scrub personnel from infectious agents.15 Therefore, we 
propose that GGI sealing with SHS can be an effective 

Table II. Summary of the correlation between the different simulation scenarios and integrated density values.

Scenario Sealed GGI Unsealed GGI

Duration of exposure Frequency of glove exchanges Duration of exposure Frequency of glove exchanges

SHS

Strong correlation (rs = 0.6584) Not significant Very strong correlation (rs = 0.8379) Very strong correlation (rs = 0.8198)

No SHS Not significant Moderate correlation (rs = 0.4850) Moderate correlation (rs = 0.5770) Moderate correlation (rs = 0.5816)

GGI, glove-gown interface; SHS, surgical helmet system.

Fig. 3

Integrated density values of different simulation scenarios at various 
frequency of glove exchanges. *Significant difference from H-S+ (p < 
0.05). **Significant difference from H-S- and H-S+ (p < 0.05). ***Significant 
difference from H+S+, H-S+, and H-S- (p < 0.05).
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strategy to eliminate the impact of positive pressure and 
reduce the risk of contamination.

The IDV of fluorescent leakage via GGI increased 
significantly with the duration of exposure and the 
frequency of glove exchange. The strongest correlation 
was observed when SHS was used and GGI was not 
sealed (H+S-), indicating that longer surgery duration 
or more frequent glove exchanges could increase the 
risk of GGI-derived contamination. These results were 
contrary to the generally accepted consensus that glove 
exchanges can reduce the risk of PJI in arthroplasties.16 We 
speculate that the motion in the GGI during each glove 
exchange could explain our findings, as it increases the 
chance of particle leakage, especially in a positive pres-
sure system like SHS. Furthermore, our findings suggest 
that sealing off the GGI with tape could reduce the risk of 
particle leakage during glove exchanges, as the correla-
tion between IDV and the number of glove exchanges 
turned from very strong to insignificant after GGI sealing. 
Additionally, sealing off the GGI while using SHS reduced 
the correlation between IDV and exposure duration from 
very strong (rs = 0.839) to strong (rs = 0.658). A summary 
of our findings is presented in Table II.

Based on current literature, only one clinical study 
has examined the effect of sealing the GGI in the context 
of SHS and arthroplasty. Shirley et al17 randomized 75 
patients into three groups: standard surgical gown, SHS 
without sealing the GGI, and SHS with sealed GGI. They 
found no significant difference in positive wound culture; 
however, the overall contamination rate was lower than 
expected, and the possibility of a type II error was raised. 
Notably, the study did not report whether the surgeon 
used a single or double gloving technique, or the frequen-
cies of glove exchanges. In contrast, our simulation study 
showed that sealing the GGI reduces fluorescent leakage, 
particularly with increasing numbers of glove exchanges. 
Thus, these factors may have affected the results of the 
clinical study by Shirley et al. A larger-scale clinical study 
is warranted to investigate the potential benefit of GGI 

sealing in reducing contamination and PJI when using 
SHS during arthroplasties.

It is important to note that there are limitations to 
this fluorescent quantitative simulation study. In each 
simulation, the sleeves had to be cut off and flattened 
in order to quantify the IVD at the specific timepoints. 
As a result, the IDVs between different timepoints were 
treated as independent samples rather than a continuous 
simulation. While this approach enabled us to indirectly 
reflect the change of IDV with time, it cannot directly 
quantify it. Moreover, the IDV over the surgical field was 
not examined in this simulation study. Measuring poten-
tial contamination in the surgical field, such as around 
surgical drapes, would be interesting and beneficial for 
future research.

Despite the limitations, our study provides important 
insights into the potential risks of particle leakage via 
GGI during arthroplasty surgery, and highlights the 
importance of taking additional precautions to prevent 
contaminations. Further studies are needed to validate 
our findings, and explore other factors and strategies in 
minimizing the risk of contamination in the context of 
SHS and arthroplasty.

To conclude, the use of SHS in arthroplasty is important 
for personal protection, despite the risk of particle leakage 
via GGI. The risk can be minimized by reducing exposure 
duration and sealing the GGI of the inner gloves.

‍Take home message
  - The use of a surgical helmet system in arthroplasty is 

important for personal protection, despite the risk of particle 
leakage via the glove-gown interface (GGI).

  - This risk can be minimized by reducing exposure duration, and sealing 
the GGI of the inner gloves.
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