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Comparison of Aerosolized Hydrogen Peroxide Fogging with
a Conventional Disinfection Product for a Dental Surgery
Marc Sher1, Riaan Mulder2

A b s t r ac t
Aim and objective: The study aimed to determine the efficacy of adding a 12% hydrogen peroxide dry hydrogen peroxide vapor fogger system
as an additional layer of infection control in a dental surgery.
Materials and methods: A total number of agar plates from the five locations were used during the treatment of the 22 patients (n = 440).
During the treatment of each patient, four agar plates (n = 4) were used per location [location 1: X-ray, location 2: the dental arm, location 3:
left side desk, location 4: under the foot of the dental chair, location 5: right side desk and (n = 20 for the five locations per patient)]. The control
agar plates were incubated after the treatment of the patient was completed period. The test agar plate groups were sprayed with a 70%
isopropanol surface disinfectant, or received exposure to an automated 12% hydrogen peroxide fog, or a 70% isopropanol surface disinfectant
spray immediately followed by exposure to the automated 12% hydrogen peroxide.
Results: One-way ANOVA and Scheffé’s method identified significant differences (p < 0.01). Between the control agar plates and the three
disinfection methods used a significantly lower colony count was established for colonies recorded in the surgery assessed as a whole, the
X-ray unit, and the right side desk.
Conclusion: The disinfection of dental surgery requires sufficient time as it not only includes the working surfaces but also various inanimate
objects. Surface disinfectant spray followed by hydrogen peroxide decontamination has potential for dental surgery, as the colony-forming units
have been reduced further compared to spray alone and even just fog alone for all the various areas of the dental surgery that was assessed.
Clinical significance: The infection control protocols with hydrogen peroxide vapor would ensure the maximum efficacy of the disinfection
protocols.
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I n t r o d u c t i o n
The survival and cross-contamination of nosocomial infection
in hospitals had been established.1 It is known that the dental
environment is exposed to various infectious agents originating
from the oral cavities of patients. 2,3 The aerosol generated in
dental surgery has been termed bioaerosol or microbial aerosol.4
It had been suggested the whole dental surgery is likely to be
contaminated from the generated droplets and aerosols from
infected patients. 5 Inanimate surfaces remain a problematic
component of surface disinfection.6 Additionally, the COVID-19
pandemic of 2019/2020 had changed the perceptions of many
dental practitioners in terms of the minimum required PPE to treat
patients,7 although the basic principles had been known.8
The production of aerosol from ultrasonic devices 9 and
air-powered turbines10 generate aerosol and are widely used
in daily dental practice. It had been determined that during
extractions, air turbines with water spray, and ultrasonic
procedures the microorganism level in the dental surgery
returned to normal after 10–30 minutes.11 Therefore, the risk of
dental practice becoming a nexus for disease transmission due
to the high volume of aerosol production on a daily basis12 is a
growing concern. In the dental environment, alcohol-containing
products have become popular as a surface disinfectant. Alcoholcontaining disinfectant formulations usually contain only aqueous
solutions of isopropyl or ethyl alcohol at a percentage between
60 and 90%. These products do not require registration at the
Environmental Protection Agency in the United States.13 Variations
in the names given to the three main types of alcohol used most
commonly in healthcare include (1) ethyl alcohol or ethanol; (2)
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isopropyl alcohol, isopropanol, 2-propanol, or propan-2-ol; and
(3) n-propanol, 1-propanol, or propan-1-ol.13 The CDC classifies
the alcohol-containing disinfectants as intermediate-level
germicides. 6 Hence, the ideal would be to clean the surface
before disinfecting it with the >70% alcohol spray.14 The surface
disinfection of the 70% alcohol is widely used as a relatively quick
and easy method for cleaning the non-critical surfaces in the
practice where aerosol could settle. The two popular techniques
in dentistry are spray or the spray-wipe-spray between patients,
but one author postulating a valid question to the efficacy of safe
practice.15 Additionally, >70% of alcohols are popular in dentistry
is that they are fungicidal and virucidal against viruses that are of
concern to the oral healthcare workers who have lipid envelopes,
e.g., herpes virus I, II, V–XIII,15 human immunodeficiency virus-1,
hepatitis B16, and C17 viruses. The alcohol acts by denaturing
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the proteins of the microorganism 6 and then destroying the
cytoplasm.15
In the present study, the purpose was to assess the efficacy of
adding a layer of infection control in a dental surgery. The use of a
12% dry vaporized hydrogen peroxide (VHP) fogger system with
and without the layers of infection control was compared.

M at e r ia l s

and

M e t h o d s

Ethical Considerations
The information collected from the bacteria that settled on agar
plates was considered to be part of the compilation of a clinical
data set. The authors further used a patient consent form that was
completed, signed, and saved securely. A statement confirming
consent from the patients to compile the data set and to publish
has been obtained. No procedures impacting the treatment of the
patients were performed with any deviation of routine dentistry,
but ethical standards by following the 1964 Helsinki declaration
and its later amendments or comparable ethical standards were
observed. Agar plates were anonymized in terms of patient details,
therefore only the location and treatment were recorded on the
agar plates. Agar plates were destroyed following biohazard
guidelines. No microbial DNA or RNA is extracted from the agar
plates. Patients could at any stage decide to exclude their data
set of agar plate results without any recourse or influence on their
treatment. Patients were not incentivized for permission to place
the agar plates.

Sample Size
The sample size was calculated from the data collected in Table
1 for the control of the whole surgery in relation to the surface
disinfectant results for the whole surgery; originating from 220 agar
plates used for the control plus the surface disinfectant component
of the study. The sample size was confirmed to be sufficient with
a Mann–Whitney test calculator with the values based on the
median value of the whole surgery [19.3 colony-forming unit
(CFU)] in relation to the surface disinfectant median (8.5 CFU) with
a population standard deviation of 25.1 (Table 1). The confidence
level and power of the test was 95%. The sample size calculation
to compare the aforementioned medians was determined to be a
minimum of 161 agar plates.
In this study, the total number of agar plates from the five
locations were used during the treatment of the 22 patients (n =
440). During the treatment of each patient, four agar plates (n = 4)
were used per location [location 1: X-ray, location 2: the dental arm,
Table 1: Mean values and the standard deviation for the technique used
in the various locations of the surgery
Area of
surgery
Surgery as a
whole
X-ray
Right side
desk
Under the
dental chair
Dental arm
Left side desk
*

Alcohol
Control
spray (SP)
SP + FG
FOG (FG)
19.3 (±35.6) 8.5 (±14.6)* 2.8 (±3.7)* 4.8 (±6.5)*
13.1 (±7.5)
14.9 (±13.3)

4.9 (±4.3)*
5.3 (±6.0)*

2.8 (±4.5)* 4.2 (±5.0)*
1.8 (±2.8)* 4.3 (±4.9)*

15.8 (±11.2) 13.9 (±20.4)

3.1 (±3.6)

27.3 (±46.2) 12.8 (±22.8)
26.3 (±65.5) 5.9 (±5.0)

3.4 (±3.3)* 6.2 (±7.5)
2.8 (±4.5) 2.6 (±2.6)

Indicate a significant difference with the control
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6.8 (±10.3)

location 3: left side desk, location 4: under the foot of the dental
chair, location 5: right side desk and (n = 20 for the five locations)].
The four plates per location were grouped in a circle with the edges
5 mm apart. At each location, one plate served as the control and
was closed immediately after the procedure with no treatment
exposure. The other three plates at each location would receive
the disinfectant and/or the fogging at the same time at the end
of the session.
The fogging time of the dental surgery allowed for three
patients to be treated per day, with the treatment period
standardized at 30 minutes. It took eight consecutive days to treat
22 patients. The procedures were limited to restorations placement
with a fast handpiece or ultrasonic scaler prophylaxis treatment.

Surface Disinfectant
The plates were sprayed with a 70% surface disinfectant (SP). A
metered-dose of 1 mL was sprayed 15 cm away from the agar
plate. The agar plate cover was replaced and incubated. The plates
receiving the alcohol spray followed by fogging were sprayed
immediately before fogging (SP + FG).

Hydrogen Peroxide Fogging
After the placement of all the agar plates collected for the day,
the lids were removed, the dental surgery was exited. The air
conditioner is 2 m from the ground and the airflow direction is
set toward location 4. The unit turned on at 440 L/minute at a
temperature of 23°C. The fogger delivered the hydrogen peroxide
disinfectant into the dental surgery. Using the automated hydrogen
peroxide vapor fogger (Nocospray: Oxypharm, Champingy-surMarne, France) and the 12% hydrogen peroxide liquid (Nocolyse:
Oxypharm, Champingy-sur-Marne, France), the dental surgery was
fogged (FG). The location of the fogger was in one corner of the
dental surgery (Fig. 1). The machine was equipped with a Diffuser
nozzle, venturi design at 3.4 × 2.4 cm and set at the following
settings in accordance with the manufacturer’s instructions:
fogging at 16.6 mL/minute until 75 mL/m3, dwell time 120 minutes.
Then, the ventilation was resumed, and aeration was allowed for 20
minutes to remove the fogged disinfectant before the agar plate
lids were replaced.

Experimental Conditions and Agar Plates
The agar plates (TSA LTHth-ICR: Merck Life Science GmbH,
Eppelheim, Germany, Batch 140477) were placed in the various
locations of the dental surgery illustrated in Figure 1. The dental
surgery room size was 5 L × 5 W × 3 H meters. The areas included
the five locations. The height of the surfaces from the floor was 1.2 m
for the left and right side desk, 1 m for the dental arm, 1.8 m for the
X-ray, and on the floor under the foot of the dental chair. The covers
were removed at the commencement of the dental procedure and
replaced at the end of the day.

Method of Culture
After the agar plates receiving the selected treatment, they were
incubated for 48 hours at 37°C. The bacterial and fungal colonies
were counted with a colony counter. No viral assessment was
completed on the agar plates.

Statistical Analysis
The statistical analysis was completed with one-way ANOVA and the
post hoc Tukey HSD test. Scheffé’s method was used to identify the
significant differences identified by the Tukey HSD test [Statistical
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Fig. 1: Location of the various surfaces in the surgery where agar plates were placed in relation to the orientation of the fogger

analysis with R Core Team (2013); (R: A language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria)].

R e s u lts
The p value corresponding to the F-statistic for the one-way analysis
of variance (ANOVA) is lower than 0.05 for the surgery as a whole.
This result indicate that one or more treatments are significantly
different. Scheffé’s method was used to identify the significant
differences.
The analysis for the colonies counted on the agar plates for the
surgery as a whole, as well as the individual areas indicated that
some disinfection methods were significantly different from the
number of colonies counted on the control agar plates (p < 0.01).
The Scheffé’s test indicated that all the disinfection methods had a
significantly lower colony count than the control agar plates for the
surgery assessed as a whole, the X-ray unit, and the right side desk.
The assessment of significance between the three different
disinfection methods indicated that there was no significant
difference between the three methods (SP, SP + FG, and FG) for the
colonies counted when all the areas of the surgery were assessed
as a whole. The same result was observed for the specific areas
where agar plates were placed: X-ray unit, right side desk, under
the chair, dental arm, and left side desk (Table 1). Concerning the
dental arm the only significant difference (p < 0.01) between the
numbers of colonies counted for the control agar plates and the
spray with fog colonies on the agar plates. None of the other two
disinfection methods had a significant difference with the control.

D i s c u s s i o n
In light of the recent COVID-19 pandemic, there has been a large
focus in dentistry toward the use of air-decontamination as well
as large scale decontamination of these enclosed spaces with
various fogger systems. To this extent, fogging had been adopted
by some practitioners, although the efficacy toward COVID-19
and the general efficacy in the dental environment is yet to be
established. Disinfectant properties and uses of ethyl alcohol or
isopropyl alcohol (60–90%) (v/v), when used as aqueous solutions
without other ingredients have been studied in the literature.16–20

Ethyl alcohol is more effective in disinfection than isopropanol. Ethyl
alcohol is effective against vegetative bacteria.21 Subsequent in vitro
suspension tests revealed that 60–90% ethyl alcohol concentrations
were the most effective within 1 minute, against three healthcare
pathogens22 in vitro studies were performed with bacteria dried in a
thin smear layer and killed within 30 seconds by 70% isopropanol.23
For this study, the agar plates located in the various locations would
get inoculated with microorganisms that settle on the specific agar
plates during the duration of the dental procedures (Fig. 1). The
treatments performed in dental surgery create aerosol. Aerosols
are liquid and solid particles <50 μm in diameter, suspended in
air, which are not always visible to the naked eye. Splatter is usually
described as a mixture of air, water, and/or solid substances, water
droplets in splatter are from >50 μm to several millimeters in
diameter and are visible to the naked eye. 3 The effect of our dental
treatments means that these aerosols and splatter are widely
dispersed through dental surgery. This is seen in the control agar
plates with the largest CFU present on the dental arm, closest to
where the procedure is taking place. The limitation of the alcohol
products is the volatility resulting in a quick evaporation rate of the
alcohol. The higher the alcohol percentage, the faster the associated
evaporation rate.24 The rapid evaporation of the alcohols limit the
surface contact time to achieve disinfection. The evaporation rate
can be manipulated with the addition of various surfactants.19
Hence, the investigation for dental practices to possibly add a
layer of decontamination. The use of a hydrogen peroxide fogger
provides an opportunity for a “whole room” decontamination. Many
manufactures of industrial-style “foggers” do not necessarily have
a validation process that is repeatable by the end-user. This brings
true efficacy into question. On average, a solo dentist could see five
unique patients per day,25 but in most practices, the dentist treats
more. The average time spent on each patient ranges from 15 to
45 min. The average cleaning time between patients is <5 minutes.
The analysis indicated that alcohol spray, fogging, and the
combination of fogging and alcohol spray had significantly fewer
colonies than the control (Table 1).
The three disinfection methods presented a no-significant
result for the number of colonies counted at the X-ray unit, right
side desk, under the chair, dental arm, and left side desk. This
result becomes apparent when dental surgery is considered
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where many items are present on the countertops. A limitation
stated in the literature refers to the fogger being less effective for
air-handling units and in situations where multiple objects are
present in a room, requiring coverage by the hydrogen peroxide.26
The use of hydrogen peroxide foggers have shown the efficacy of
decontaminating the air conditioners,27 but the influence on the
dwell time and way the hydrogen peroxide fog settle on the various
dental surgery surfaces could have played a role at the X-ray unit
that was located directly under the air conditioner unit. The results
from a controlled in vitro study indicated that inoculated discs
located above and under tables were equally well disinfected.28
The agar plates under the dental chair were disinfected to a greater
degree with the application of the hydrogen peroxide fogger
when the SP of 13.9 (±20.4) CFU vs FG of 6.8 (±10.3) is considered.
The use of 70% isopropanol without wiping is equally effective as
spray and wipe.29 The SP group did reduce the CFU in all groups,
but the SP + FG group performed the best. Surface cleaning with
70% alcohol, followed by fogging will provide the best result for
surface decontamination in dental surgery.
Aerosol generation periods differ based on the complexity
of the cavity design on the time required to complete a scale and
polish with the ultrasonic scaler. It is important to note that the
standard deviations for the various areas are large as the study
was conducted based on varied treatment procedures performed
in the general dental practice (Table 1). Additionally, the growth
of bacteria and fungi was assessed on the agar plates, as these
form the collective microbiological complement of dental surgery.
The agar plates that were sprayed with alcohol and fogged had
significantly less (p < 0.01) fungi than the agar plates that were
only fogged. No damage was noted on any surface in the surgery
as VHP under dehumidified conditions result in less damage than
under condensation conditions. The effects of VHP had been studies
under dehumidified conditions with 200 completed cycles minor
changes of hardening/softening were noted for resins materials.
Wood materials bleached and stainless steel discolored with zinc
plated materials presenting with corrosion. The softening of nylon
occurred while butyl rubber hardened.30

C o n c lu s i o n
The disinfection of dental surgery requires sufficient time as it
not only includes the working surfaces but also various inanimate
objects. Surface disinfectant spray followed by hydrogen peroxide
decontamination has potential for dental surgery, as the CFUs
have been reduced further compared to spray alone and even just
fog alone for all the various areas of the dental surgery that was
assessed. Future directions of studies should not only evaluate the
association between specific dental procedures and the CFU found
on the agar plates but also the relationship of time spent on the
procedure with the fast handpiece or ultrasonic scaler.

C l i n i c a l S i g n i f i c a n c e
The most challenging clinical scenarios. The infection control
protocols with hydrogen peroxide vapor as an adjunct to the 70%
isopropanol alcohol spray would ensure the maximum efficacy of
the disinfection protocols.

Limitations
There was no McFarland standard inoculation of the agar plates
as a positive control since the study was a real-world data set

1310

compilation of aerosol that settle on agar plates in pre-determined
areas, based on varied procedures that present during the day. The
procedure performed in relation to the number of CFUs for that
particular procedure in the various locations were not assessed. The
other areas of a typical dental practice, e.g., reception and patient
waiting areas were not assessed for CFU levels.
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