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Microbial aerosols are generated during dental treatments and may represent an important source of
infection. This study was designed to quantify bacterial air contamination during dental treatments in both a
closed dental operatory and a multichair dental clinic. Air was sampled by using a slit type of biological air
sampler. Following air sampling, blood-supplemented Trypticase soy agar plates were incubated at 37&C under
anaerobic conditions for 7 days. The maximum levels of air contamination in the closed dental operatory were
observed while dental treatments were being performed (four trials; 216 6 75 CFU/m3 for ultrasonic scaling
treatments and 75 6 22 CFU/m3 for operative treatments). At 2 h after completion of the treatments, the
bacterial counts were about the same as the pretreatment levels (12 to 14 CFU/m3). In the second part of the
study, a multichair dental clinic was divided into four areas, and air contamination was monitored at each site.
Three sites were located in active dental treatment areas, whereas no dental treatments were performed within
an 11-m radius of the fourth site. At 3 h after the beginning of dental treatments, the highest bacterial counts
were obtained in the three active dental treatment areas (76 to 114 CFU/m3). However, there was noticeable
contamination in the inactive dental treatment area (42 CFU/m3). Thus, bacterial aerosols were able to spread
into areas where there was no dental activity. My data show that dental treatments significantly increased the
levels of bacterial air contamination in both a closed dental operatory and a multichair dental clinic. Whether
such levels of contamination have any influence on infection rates is not known.

Infection control has long been considered one of the main
concerns of the dental community. Indeed, infectious agents
may be transmitted to patients and dental staff via several
vectors, including instruments and air (6, 9, 11, 13). Numerous
studies concerning the importance of airborne transmission of
pathogens in hospitals have been described previously (3, 15).
Dental operatories are usually small rooms where the air be-
comes stagnant because of increased humidity. In addition,
many procedures in dental clinics are associated with the gen-
eration of potentially hazardous aerosols. This suggests that
cross-contamination via the air may also occur in dental envi-
ronments.
The propelling force of a high-speed dental drill and the

cavitation effect of an ultrasonic scaler, both combined with a
water spray, can generate numerous airborne particles derived
from blood, saliva, tooth debris, dental plaque, calculus, and
restorative materials. Microorganisms can be suspended in and
carried by these very small particles into the surrounding air of
an operatory. Thus, infectious agents responsible for pneumo-
nitis, influenza, and hepatitis, as well as skin and eye infections,
may be transmitted during dental procedures. Several factors,
including humidity, temperature, particle size, and ventilation,
could influence the spread and infectious potential of micro-
bial aerosols inside an operatory (2, 7, 15). Most dental aerosol
droplets have a diameter of 5 mm or less and are concentrated
within 2 ft (ca. 61 cm) of the patient’s mouth (10). The aerosols
may penetrate into the respiratory tract and directly invade the
alveoli of the lungs. However, the ability of these aerosols to
produce infections is related to the quantity and pathogenicity
of the invading microorganisms, as well as the immune capacity
of the patient.
In previous studies, investigators have described increases in

bacterial air contamination following dental treatments in
closed dental operatories (5, 8, 10, 12, 14). However, in most of
these studies the researchers used procedures or conditions

that were not ideal for accurate quantification of bacterial
aerosols arising from oral cavities. In addition, there are no
previous data concerning bacterial contamination of the air in
multichair dental clinics, such as those found in dental schools.
The aim of this investigation was to use a slit type of air
sampler to quantify bacterial aerosols generated during dental
treatments. This study was conducted to observe variations
before, during, and after dental treatments in two different
clinical environments, a closed dental operatory and a mul-
tichair dental clinic.
Air sampling in the closed dental operatory. Air contami-

nation was monitored in the closed dental operatory (volume,
55 m3) by using a Slit-to-Agar biological air sampler (model
STA 101; New Brunswick Scientific Co., Inc., Edison, N.J.).
This sampler drew air at a high speed through a narrow slit and
blew it over a solid culture plate. The plate rotated at a uni-
form speed under the slit, and a complete rotation of the plate
took 60 min. In each case the air sampler was located approx-
imately 4 ft (ca. 122 cm) from the patient’s mouth (height, 3 ft
[ca. 91 cm]) and was operated at an airflow rate of 20 liters/
min. Air samples were collected for a 30-min period before the
treatment was begun and for 30 min once the treatment had
started. At the end of this period, the patient was transferred
to another dental operatory to complete the treatment, and
sampling was continued for 30 min in the original room to
determine the time that dental aerosols remained in suspen-
sion. Air sampling was also performed for 30 min at 2 and 4 h
posttreatment. After each sampling period, the culture plate
was immediately processed to determine bacterial growth. Mi-
crobial air contamination was evaluated for the following two
types of dental treatments: (i) prophylactic treatment in which
an ultrasonic scaler was used and (ii) operative dental treat-
ment in which a high-speed dental drill was used (the patient
wore a rubber dam). During the dental treatments, which were
performed by different dentists, the high-speed drill and the
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ultrasonic scaler were used for approximately 8 and 15 min,
respectively. The patients were healthy adults with adequate
dental hygiene. Bacterial counts were determined on Trypti-
case soy agar plates (BBL Microbiology Systems, Cockeysville,
Md.) (65 ml in 150-mm plastic dishes) supplemented with 5%
(vol/vol) human blood, 10 mg of hemin per ml, and 1 mg of
vitamin K per ml. Immediately after sampling, the plates were
placed in an anaerobic chamber containing N2, H2, and CO2
(80:10:10) and incubated for 7 days at 378C. These growth
conditions were used because most bacteria that originate
from oral cavities are anaerobes or facultative anaerobes. The
total numbers of CFU were determined, and the data were
expressed as the number of CFU per cubic meter of air sam-
pled. Four trials were performed for each dental treatment,
and the mean 6 standard error was calculated.
The levels of bacterial air contamination generated during

dental treatments were easily and accurately quantified by us-
ing the slit type of biological air sampler. Figure 1 shows an
example of the levels of bacterial air contamination before (left
side of the plate) and during (right side of the plate) an ultra-
sonic scaling treatment in the closed dental operatory (trial 3).
Microbial air contamination data for four different trials ob-
tained before, during, and after ultrasonic scaling treatment
are shown in Table 1. As expected, the bacterial counts before
the dental procedure were low (12 6 4 CFU/m3). Once the
scaling treatment started, the levels of air contamination in-
creased substantially (7- to 34-fold; 216 6 75 CFU/m3). Im-
mediately after the treatments ended, the levels of bacterial
contamination of the air decreased by approximately 80% (to
44 6 14 CFU/m3), which suggests that bacterial aerosols settle
rapidly. At 2 and 4 h after the treatments ended, the counts
were about the same as they were before the dental treatments
began. As the use of a water spray with a turbine handpiece
increased the relative humidity in the room, it is unlikely that
the drastic decreases in the number of CFU were associated

with a loss of bacterial viability because of the airborne state of
the material (dehydration). These decreases also were not re-
lated to the susceptibility of bacteria to oxygen in the atmo-
sphere. After the aerosols were collected, the plates could be
kept under aerobic conditions for 24 h prior to culturing under
anaerobic conditions without any decrease in the number of
CFU (data not shown).
Table 2 shows that the bacterial contamination generated

during the operative dental treatments was less than the con-
tamination generated during the ultrasonic scaling treatments.
This finding may be related to the fact that patients wore a
rubber dam while being treated. However, a clear increase in
the level of air contamination (75 6 22 CFU/m3) was associ-
ated with the use of the high-speed drill. At 2 h after the
treatments ended, the counts reached base levels. Although
different clinical settings and sampling procedures make data
difficult to compare, Larato et al. (8) observed a similar air
microbial contamination pattern (before, during, and after an
operative treatment) in a closed dental operatory.
Air sampling in the multichair dental clinic. The multichair

dental clinic (36 m by 18 m by 3 m; 80 dental chairs) was used
by 35 dental students during the summer months. Air samples
were collected at four sites over 30-min periods. As Fig. 2
shows, three sites (sites 1, 2, and 4) were located in active
dental treatment areas, whereas no dental treatments were
performed within an 11-m radius of the fourth site (site 3). A
wide variety of dental procedures, including ultrasonic scaling
and high-speed drilling, were performed by the students. Each
site was sampled (i) 30 min before dental treatments began, (ii)
3 h after the dental treatments began, (iii) at the end of dental
treatments (i.e., after 6 h of dental treatments), and (iv) 7 h
after the dental treatments ended. Air samples were collected
on Mondays for five consecutive weeks, and bacteria were
grown as described above.
The mean values obtained for each site are shown in Table

FIG. 1. Blood-supplemented Trypticase soy agar plate after collection of
dental aerosols and incubation under anaerobic conditions for 7 days. Samples
were collected before dental treatment (left side) and during ultrasonic scaling
treatment (right side).

TABLE 1. Bacterial air contamination before, during, and after
ultrasonic scaling treatments in a closed dental operatory

Trial

Level of contamination (CFU/m3)

Before
treatment

During
treatment

At the end
of treatment

2 h after
treatment

4 h after
treatment

1 15 175 58 13 3
2 5 88 18 10 10
3 22 433 75 7 3
4 5 168 25 8 8

Mean 6 SE 12 6 4 216 6 75 44 6 14 10 6 1 6 6 2

TABLE 2. Bacterial air contamination before, during, and after
operative treatments in a closed dental operatory

Trial

Level of contamination (CFU/m3)

Before
treatment

During
treatment

At the end of
treatment

2 h after
treatment

4 h after
treatment

1 20 102 113 NDa ND
2 13 121 48 8 5
3 3 33 18 8 ,3b

4 20 42 25 20 13

Mean 6 SE 14 6 4 75 6 22 51 6 22 12 6 4 9 6 4

a ND, not determined.
b Less than the detection limit (3 CFU/m3).
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3. The levels of air contamination were obviously low at all
sites before the treatments began (mean levels of contamina-
tion, 10 to 16 CFU/m3). At 3 h after the treatments started, the
areas where dental treatments were performed experienced
clear increases in levels of air contamination (mean levels of
contamination, 76 to 114 CFU/m3). Interestingly, site 3, where
no dental treatments were carried out within an 11-m radius,
also experienced an increase in the level of bacterial air con-
tamination (mean level of contamination, 42 CFU/m3). The
levels of bacterial contamination of the air were only slightly
higher at the end of dental treatments (i.e., after 6 h of activ-
ity). At 7 h after all treatments ended, the microbial counts
were comparable to the counts obtained before the treatments
began. The data obtained in the multichair dental clinic show
that dental aerosols have the capacity to spread quite rapidly,
even into areas where there is no dental activity. Air-handling
systems and human activity may have accounted for the dis-
semination of bacterial aerosols, as previously demonstrated in
other environments (2, 15). As both immunosuppressed and
infected patients may be treated in a multichair dental clinic,

my data raise the question of whether all patients should be
treated in closed operatories rather than in the wide-open
clinics commonly found in dental schools.
My investigation differed from previous investigations (5, 8,

10, 12, 14) in that the numbers of microbes in dental aerosols
were determined by using a slit type of biological air sampler
and culture plates were incubated in an anaerobic chamber.
Anaerobic conditions were used because this study was de-
signed to quantify oral bacteria. It is likely that the actual
microbial contents of air in dental clinics are much higher than
the contents reported in this paper. Indeed, the culture me-
dium and growth conditions which I used did not allow me to
recover all types of microorganisms, including more fastidious
bacteria, viruses, and mycetes. Furthermore, aerobic bacteria,
such as Pseudomonas spp. that are found in high numbers in
dental unit waterlines (1, 16) and are likely to be present in
dental aerosols, cannot grow under the anaerobic conditions
which I used. The location of the air sampler also strongly
influences the recovery of bacteria. Much higher bacterial
counts would have been obtained if air nearer the patients’
mouths had been sampled.
Control of airborne transmission of infectious diseases as-

sociated with indoor environments is especially important in
medical environments. In dental clinics, several infectious
agents could be acquired by dental staff and patients by air-
borne transmission. In addition, dental aerosols containing
opportunistic pathogens should also be considered hazardous
for immunosuppressed patients, who could develop serious
infections. In this study I confirmed a potential transmission
route for infectious agents, and my data support the impor-
tance of protecting against cross-infectious agents contained in
dental aerosols. As suggested in the infection control guide-
lines of the American Dental Association (4), operators and
dental assistants should always wear masks, gloves, and eye-
glasses with lateral protective shields. Because of the high risk
of cross-contamination in dental clinics, research should be
directed toward developing effective means for controlling and
removing dental aerosols. In this vein, Fine et al. (5) recently
demonstrated that preprocedural rinsing with an antiseptic
mouthwash can significantly reduce the microbial contents of
aerosols generated during ultrasonic scaling. Laminar uni-
directional airflow, air ventilation, and air filtration could
also be beneficial in dental environments and should be
considered.

I thank R. McCabe (Université de Montréal) and A. Prévost (Uni-
versité de Montréal) for their contributions.
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