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Introduction: An evidence-based, balanced discussion of the facts regarding
the reduction of infection risk during the SARS-CoV-2 pandemic by aerosolcontrolling measures in dental practice has not yet been fully conducted.
Therefore, the current state of knowledge on spray mist and aerosol control in
dental offices will be reported in order to present conclusions on risk reduction of aerogen-transmitted infectious diseases in the dental practices.
Methods: Results of studies directly related to spray mist and aerosol control
in a dental office, as well as recommendations from publications including
national position statements and guidelines for dentistry, are discussed in a
narrative format.
Results: Decision-making at the onset of the SARS-CoV-2 pandemic was hampered by the limited evidence base, but could be improved as the pandemic
duration progressed by publishing more studies about spray mist and indoor
aerosol control. Study results on the routine use of dental suction systems (intraoral) can be used to specify limits to their effectiveness in aerosol reduction.
Similarly, findings on ubiquitously available natural room ventilation shows
very high air exchange per hour (ACH) of up to 40 with continuous crossventilation under optimal room geometry with opposing windows, whereas
only a limited additional effect can be expected for decentralized mobile air
cleaning (DMAC) devices in reducing smaller aerosol particles in the treatment room.
Discussion: For optimized infection protection in dentistry, in addition to
natural room ventilation and compliance with all known hygiene guidelines,
the use of intraoral suction (high-volume evacuator (HVE) with a suction volume > 250 l/min) using a sufficiently large suction cannula (opening ≥
10 mm), positioned close to the aerosol-generating treatment field, is mandatory. From a clinical point of view, supplementary DMAC devices provide a
negligible additional reduction effect during aerosol-generating activities.
Room air exchange by natural room ventilation in combination with HVE systems shows a high efficiency and continues to be the standard procedure in
dental practices. Future studies must clarify whether DMAC devices with
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ACH ≥ 6 can be a supplement in exceptional situations with a high risk of infection, for example, when no intraoral suction is used or protective/hygiene
measures can only be observed to a limited extent.
Conclusion: Established hygiene concepts and protective measures, including
room ventilation with fresh air, have proven to be sufficiently effective in dental practice even during the SARS-CoV-2 pandemic.
Keywords: aerosol; guidelines; aerogene-transmitted infectious diseases; SARSCoV-2

Introduction
Scientific statements and guidelines
provide the basis for decision-making
for dental activity on the basis of current knowledge. However, this presupposes that 1. corresponding knowledge is available in the form of studies
of high evidence with direct relevance
and 2. corresponding publications
with recommendations are also
known to practicing dentists. In the
course of the SARS-CoV-2 pandemic, it
was observed that both aspects
changed continuously. It must be critically noted that, especially in the initial phase of the pandemic, recommendations were published on the
basis of assumptions due to a lack of
evaluation bases. The SARS-CoV-2
pandemic affected almost all private
and professional spheres of life. This
often led to emotionally driven discourses on partially appropriate catalogs of measures but not to a desirable
balanced discussion on facts about the
risk of infection in dentistry. It is obvious that a retrospective view is always easier. Moreover, for the SARSCoV-2 pandemic, decision-making was
complicated, particularly in its early
stages, because a very limited evidence
base existed. Even at the present time,
fundamentally important questions
about the origin of the virus as well as
its infectivity, e.g., after illness or vaccination, have not been conclusively
resolved. Therefore, in this article, the
authors would like to present conclusions for the future use of spray
mist and aerosol control to minimize
the risk of aerogenously transmitted
infectious diseases in dental practices
based on the latest evidence.
The following remarks must be
preceded by the fact that there can
only be an effective pandemic containment and a protection against infec-

tions if all known preventive measures
are implemented. Examples are compliance with room ventilation, distance and hygiene rules and the wearing of medical or FFP-2 masks. For
dental practices, however, it must be
taken into account that patients cannot wear mouth/nose coverings during
treatments and the close treatment
contact with a distance of only around
30 cm between patients and the treatment team. There is no question that
rubber dam application is very effective in reducing droplets and aerosols
which are potentially contaminated by
microorganisms [1, 3, 8, 25, 30, 35].
However, this protective measure is
not always possible with the wide
range of activities in the dental practice. Spray mist and aerosol-generating
measures occur in close proximity to
the dental staff. In addition, the patients release aerosols and droplets
through speaking, breathing, and
coughing. The spray mist is a mixture
of droplets and droplet nuclei of different sizes, consisting of cooling water,
(powder) particles, splashes of saliva,
blood and microorganisms, and is generated during the use of high-speed instruments including sonic/ultrasonic
scalers and powder water jets. If this
spray mist is not properly extracted, a
potentially infectious aerosol cloud is
created. Since the beginning of the
SARS-Cov-2 pandemic, 497 cases with
infections with the SARS-Cov-2 virus
in the dental sector have been reported
to the Employer’s Liability Insurance
Association for Health Services and
Welfare Care (Berufsgenossenschaft für
Gesundheitsdienst und Wohlfahrtspflege, BGW) in Germany until June
2021, of which the BGW lists 143 as
occupational cases (query as of
01.06.2021). Even if underreporting
must be assumed with regard to the
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published case numbers, this results in
a prevalence of ≤ 0.1 % for SARS-CoV-2
infections among dental personnel
[10], which can be seen as an indication of the high level of protection
provided by established behavioral
and hygienic measures in dentistry in
Germany. Therefore, it has been proven to be useful to integrate the additional protective measures in the sense
of a bundle of measures into recommendations already in force [28]. This
can be seen in analogy to the precautionary approach of radiation protection [19], which means that the
probability of exposure to SARS-CoV-2,
the number of persons exposed, and
the individual pathogen dose affecting
a person are kept as low as reasonably
achievable in dental practice. This set
of measures has been shown to include room ventilation [19].

Room ventilation and
pathogen transmission
Unlike outdoors, the transmission
route plays a central role in an aerogenously transmissible infectious disease indoors. But especially in the case
of SARS-CoV-2 there is still controversy about the proportion of direct contact or other routes including droplets
[13] and airborne transmission [39],
that are responsible for virus spread
[23] (Figure 1).
Physically, droplets with 4–8 μm
size will fall to the ground within
20–90 minutes according to indoor
air conditions, while aerosol particles
with sizes smaller than 4 μm can remain in the air for up to 30 hours [9].
However, as droplets lose water and
become smaller with lower humidity
(at a droplet size < 10 μm, the water
fraction evaporates within splits of a
second), and droplet nuclei are formed. Indoors they can remain suspended for hours and are transported
with the airflow [19, 37]. This might
inactivate bacteria and viruses, thus
reducing the infectivity of the indoor
air. It is undisputed that droplets contain significantly more pathogens
than smaller droplet nuclei due to
their size, and thus their infectious
dose is higher. Especially in closed
rooms, despite the smaller amount of
pathogens in the aerosol, there is a
higher risk of disease transmission
because the particles do not dry out,
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Figure 1 Schematic representation of possible transmission routes using the example of the SARS-CoV-2 virus in dental practices
(Note: Transmission via surfaces cannot be ruled out, although the authors consider this route to be rather less significant based on
corresponding studies from medical facilities [4]).

especially in high humidity, and are
kept in suspension for a long time.
Therefore, the circulation and exchange of particles in the room air
(air exchange) plays a central role in
infection control. It can be implemented naturally (e.g., ventilation
with fresh air through open
windows) or supported by technical
systems (e.g., room ventilation system, decentralized mobile air purification units) (Figure 2). The air exchange rate (ACH) describes the
amount of air supplied per room volume per hour.

Natural ventilation
In case of free ventilation, a distinction can be made between shock
ventilation, cross ventilation and gap
ventilation (Figure 2). Shock and
cross ventilation can quickly lead to a
dilution of aerosol-containing indoor
air if a high temperature difference
between in- and outdoor air is provided [18, 19]. However, the result of
natural ventilation depends on quite
a few factors that cannot be in-

fluenced, such as the outside temperature,
wind
direction
and
strength, as well as window size and
position in the room. Also, after closing the window, the aerosol concentration in the treatment room will increase again. Gap ventilation by
means of permanently tilted windows
is insufficient (ACH: 0.3–1.5) and can
be considered as a supplementary
measure to shock or cross ventilation
at most, with windows fully open for
a short time (ACH: 0.3–4) [18, 19].
Even though cross-ventilation by
opening 2 opposite windows in the
building may be partly limited or
even impossible during treatment due
to the room architecture and privacy
in dental offices, this is the most effective method (ACH: up to 40). To
protect the patient’s privacy but still
minimizing aerosols efficiently it is
therefore suggested to open opposite
windows after dental treatments and
while preparing for the following patient [19]. A smaller temperature difference especially during warmer
summer months can lead to insuffi-

cient air exchange and a longer ventilation time (10 min) must be aimed
for. During the colder winter months,
sufficient air exchange is provided by
high temperature differences already
at a ventilation time of 3 min, which
is also helpful in reducing energy loss
during natural ventilation. In autumn, winter and spring, regular
shock ventilation for 3–10 minutes
following dental treatment is a practicable method of air exchange and
thus also reduces aerosol concentrations in the treatment or waiting
room [12]. However, longer ventilation durations of 10–15 minutes
should be aimed for in the summer
[22], as the air exchange rate may be
lower than in other seasons due to
the approximately equal temperatures outside and inside. Kienbaum et
al. [19] therefore recommend that a
ventilation plan is drawn up based on
the type of ventilation (number of
windows, doors if necessary), ventilation duration/interval (season) and
additional ventilation occasions (specific treatment/exposure situations).
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Figure 2 Simplified presentation on ventilation technology and its subsections according to DIN 1946 (part 1 of the standard),
among others, as well as the possible room air ventilation.

Ventilation through technical
equipment
The use of room ventilation systems
(RVS) with defined ACH can be an alternative for larger practices/clinics
with special structural requirements
and/or for specific situations in
summer and winter months, but also
as a supplementary solution to natural ventilation. RVS systems in healthcare facilities (i.e. including dental
practices) are regulated by DIN
1946/4. Their task is to heat or cool
rooms, remove chemical pollutants or
odors, minimize the colony count of
microorganisms in the air (operating
rooms), but above all to supply fresh
air to rooms that are not naturally or
sufficiently ventilated. Examination
and treatment rooms are assigned to
room class II. These rooms must be
supplied with at least 40 m3 of fresh
air per hour and person present (if
there is no window ventilation). This
ensures an air exchange rate of about
6 times per hour. Taking into account
this minimum proportion of fresh air
and in order to minimize the heating
costs for the fresh air supplied by the
air handling system, the use of recirculated air is permissible. Fresh air

and recirculated air are processed together (heated, cooled, filtered and, if
necessary, humidified). The air is passed through 2 filter stages of classes F7
and F9. According to EN 779, the
average efficiency of F9 filters is 95 %
for particles of 0.4 μm diameter (i.e.
including droplet nuclei).
According to DIN 1946/4, recirculating air cooling units (without
fresh air component) are also possible in rooms in which a supply of
fresh air is possible through sufficient window ventilation, if the air is
returned to the same room from
which it was taken (air-conditioning
split units). At present, these must
also be equipped with filters of
classes F7 as well as F9. In general,
devices in recirculation mode without filters (e.g. stand fans, mobile air
conditioners, fan heaters) should be
avoided in dental treatment rooms,
as they do not lead to a reduction in
aerosol concentrations, but can
rather contribute to a distribution of
aerosols in the room through the air
flow. If operation is nevertheless
necessary, care should be taken to
ensure regular, intensive natural
room ventilation [19].
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Decentralized mobile air
cleaning units
When neither sufficient natural
ventilation nor technical room air
systems with fresh air operation and
filtration are operated, the additional
use of decentralized mobile air cleaning devices (DMAC) is currently
being discussed in the context of the
pandemic [27, 29, 36]. There is a
wide range of device types that are
designed to separate the intake room
air by various processes (UV, ionization, filtration, etc.) or to inactivate
airborne substances, and then discharge them back into the same
room. The air flow rate of the units
and the achievable ACH, i.e. how
quickly the relevant particles can be
filtered out of the room air, play a
decisive role here. Effective devices
with high ACH requiere a high air
volume flow. At this point, it has to
be said that the high air volume flow
leads to high sound pressure levels
and thus consecutively to noise pollution [2]. Chavis et al. [2] measured
up to 86 dB (comparative measurement tooth preparation without
DMAC: 82 dB) when a DMAC was
used at maximum suction power and
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tooth preparation was performed
simultaneously. On the other hand,
Comisi et al. [5] measured sound
pressure levels between 87 dB and
89 dB when operating a high-power
intraoral suction system. When using
a prototype 3D-printed lip retractor
with internal suction and funnel,
even up to 99 dB could be measured.
In this experimental study, the sole
operation of a DMAC was even associated with the lowest noise levels
(less than 80 dB) [5]. These elevated
sound pressure levels may not only
affect intercommunication and patient comfort, but also make patient
monitoring more difficult for staff.
For DMAC, as for the operation of
an air handling unit, a possibly more
cost-intensive unit operation and
regular maintenance must be taken
into account compared to natural
room ventilation. Finally, the filtration performance of the units is
also influenced by the room geometry
and the arrangement in the room. In
the case of particulate aerosols, there
is no distribution equilibrium in the
room [11], which is why an optimal
placement of the devices should, for
example, be near the treatment unit
[2] – with all the disadvantages that
this entails, such as annoyance due to
noise, airflow, and a constricted room.
For a planned use of DMAC, only
devices in which the room air is filtered by a separation process with
classified H13 filters (or higher)
should be considered. For all other
devices with coarser filters, an insufficient effectiveness of the filtration of
fine particles must be assumed [11].
Although the effectiveness of all devices can possibly still be increased
by the aforementioned processes
such as ozone or ions, scientific
studies on effectiveness are lacking.
As our own experimental studies
by the Kiel working group around
Graetz et al. with a DMAC in the
dental curriculum [15], and also observational studies in dental practices
showed, the definition of the
measurement method and experimental conditions is very complex
[31, 41] and not directly comparable
[16]; moreover, the results may often
not be generalized [2]. Also, experimental studies with simulation of activities in dentistry may not be used

to assess indoor air quality [40]. For
example, the Kiel experiments were
conducted using a phantom in a
closed treatment room (16.94 m2).
The tested DMAC was aligned at a
distance of 35 cm from a phantom
head, on which various aerosol-generating treatments such as high-speed
preparation or tooth cleaning using a
powder water jet device were simulated. With the exception of the controls (no aerosol-generating treatment), a 16 mm suction cannula was
always tested in combination with a
saliva ejector using a dental high-volume evacuator (HVE) (suction volume (air) at the tip of the suction
cannula: ≥ 300 l/min), in each case
with versus without DMAC. With
simultaneous monitoring of room air
parameters such as CO2 saturation,
temperature, and air ventilation, the
particle number concentration (PNC)
of aerosols was recorded by an optical
method using scattered light from a
cleanroom counter (LasAir III, PMS
Inc., USA). A mean ACH of 3 h–1 was
determined for the DMAC, and only
for particles with small diameters
(0.1–0.3 μm) was there a significant
reduction (p < 0.001) when the
DMAC was used in addition to conventional intraoral suction [15]. In
contrast to other experimental
studies, which also demonstrated a
further significant reduction for
droplets and splashes by means of additional DMAC [2], the authors of the
Kiel working group did not observe
any additional reduction in room air
concentration for particles with a
larger diameter compared to the sole
intraoral application of the HVE
(0.5–5.0 μm; p = 0.089).

chine, but also notes on piping. Both
the suction power and the diameter
of all pipes, including the applied
suction cannula, must be considered
in the design and for the operation of
an optimal dental suction system. For
optimal risk reduction of aerogenically transmissible infectious diseases
during spray mist generating interventions, suction cannulas with secondary air inlets (preventing stuck
suction and thus blocking of the cannula) with diameters > 10 mm are
recommended [28]. Suction with a
narrow saliva ejector (diameter
< 8 mm) and suction volume
< 200 l/min is unsuitable for the reduction of aerosols [20], even though
liquids can be eliminated sufficiently
from the oral cavity. Rupf et al. [33]
were able to show that fine particle
aerosols released in the oral cavity of
a phantom are only reduced by highvolume suction. Therefore, in addition to the technical requirements,
the role of the optimal suction technique should be discussed within the
practice team to ensure optimal infection control in the daily routine. Unfortunately, as already mentioned,
suctioning with HVE systems leads to
noise emissions that should not be
underestimated, and these can make
internal communication between
practitioner and assistant as well as
between patients more difficult. As already discussed for the previous technical systems, this also requires regular inspection (practice team) and
maintenance (manufacturer-specific),
for example, to counteract deposits
with subsequent displacement/constriction of the inner tube diameters.

Intraoral dental suction
systems

Summary discussion of
the internal and external
evidence

The intraoral use of a spray mist
evacuation system is an established
measure in the context of most dental treatments and thus already
makes a decisive contribution to adequate hygiene and infection control
[14, 32]. To ensure this function,
HVEs with a suction volume (air) of
≥ 250 l/min have been described [34]
and are regulated by ISO 10637:2018
(German
version
EN
ISO
10637:2018). This describes not only
the design of the central suction ma-

Even before the onset of the SARSCoV-2 pandemic, it was known that
dental activities are associated with
the release of aerosols and particles
that may have adverse health effects
[26, 38]. According to current studies,
effective reduction of aerosols with
potential risk for aerogenically transmitted infectious disease is most
easily achieved via natural ventilation. Technical filtration of room
air by means of air handling systems
is possible, but the use of DMAC de-
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vices has only been described as a
complementary measure for rooms in
which primary infection control
measures cannot be implemented adequately [11]. Operationally, every
dental practice in Germany has a
HVE unit that primarily succeeds in
aspirating liquids from the patient’s
oral cavity and, at the same time, can
effectively reduce the potentially
contaminated spray rebound [14, 32]
– corresponding to primary infection
control. Compared with the routine
operation of such configured HVE
systems, DMAC devices can represent
a complementary measure for the
control of potentially infectious aerosols only in small to medium-sized
practice rooms [6, 15, 18], always associated with not inconsiderable acquisition and operating costs of the
devices (e.g., regular cleaning or replacement of the HEPA (high-efficiency particulate air) filters so that
they do not themselves become a
source of microorganisms and air pollutants [11, 18]), noise, or a limitation of space. Although HVE systems also require regular maintenance, their use is familiar in dental
practice, and with an adequately
sized and correctly positioned intraoral suction cannula and a suction volume flow (air) of approximately
300 l/min, aerosols from the patient’s
mouth can be significantly reduced
during use [15]. In a study of SARSCoV-2 and other microorganisms in
dental aerosols with 28 participants,
salivary bacteria were detected in the
condensed aerosol in only 8 individuals [24]. Meethil et al. [24] found no
viruses in the generated aerosol despite detectable SARS-CoV-2 viruses in
the saliva of some asymptomatic patients. These results should be interpreted cautiously, and it must also be
kept in mind that aerosol removal
only ever occurs when suction cannulae are used at all due to measures
involving spray mist generation. In
addition, the results indicate that exposure to pathogens from saliva cannot be completely prevented in all
cases despite the use of an HVE. In
certain dental activities, for example
intraoral examinations, aerosols will
also occur, but diameter-optimized
suction cannulas in particular are
generally not used in this case.

Conclusion

Conflict of interest

For optimized infection protection in
dentistry, high-volume intraoral suction during aerosol-generating treatments is mandatory in addition to
compliance with all known hygiene
guidelines [24, 28, 34]. For this purpose, HVE (according to ISO
10637:2018 type 1 with a suction
volume > 250 l/min) in combination
with a suction cannula that has a
sufficiently large opening (≥ 10 mm)
and is positioned close to the treatment field have proven effective
[7, 14, 34]. It can significantly reduce
aerosol and droplet dispersion in the
treatment environment directly
[7, 14, 17, 21, 32]. Although additionally used DMAC devices could
cause a further significant reduction
especially of smaller aerosol particles
in the treatment room [15, 29, 36],
but especially of the spray mist/droplet generating activities the effect is
negligible from a clinical point of
view, because the mandatory HVE
devices already cause a significant reduction intraorally [15]. Thus, during
dental treatment, both staff and patients appear to be largely protected
from exposure to potential pathogens when the bundle of
measures already postulated several
times [28] is applied [24]. Even
though natural ventilation is highly
dependent in its efficiency on external and uninfluenceable variables
(temperature difference indoor and
outdoor air, wind conditions, room
architecture), it is the simplest
measure and almost always available
measure with a high ACH and
should be replaced only in exceptional cases. DMAC devices, even
those with high ACH (≥ 6) and HEPA
filters according to DIN EN 1822, can
only be a supplementary protective
measure for example during a high
incidence phase and simultaneous
limited implementation of the
bundle of measures for infection
control. However, it should be emphasized once again that, due to the
proven high effectiveness of the HVE
systems used in Germany and natural room ventilation, the additional
benefit of DMAC devices for improved infection control must be the
subject of future scientific investigations.
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