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Objective  The infection risk during dental procedures is a common concern for den-
tal professionals which has increased due to coronavirus (severe acute respiratory syn-
drome coronavirus 2) pandemic. The development of devices to specifically mitigate 
cross-contamination by droplet/splatter is crucial to stop infection transmission. The 
objective of this study is to assess the effectiveness of a perioral suction device (Oral 
BioFilter, OBF) to reduce biological contamination spread during dental procedures.
Materials and Methods  Forty patients were randomized 1:1 to a standard profes-
sional dental hygiene treatment with OBF and without. Adenosine triphosphate (ATP) 
bioluminescence assay was used to evaluate the spread of potential contaminants. The 
total number of relative light units (RLU) from key dental operatory locations: opera-
tor’s face-shield, back of the surgical operator’s-gloves, patient’s safety-goggles, and 
instrumental table were measured. Percentage contamination reductions between 
control and OBF were compared.
Statistical Analysis  Primary outcome, total RLU, was analyzed by comparing the 
means of logged data, using a two-sided two-sample t-test. Secondary outcomes 
as RLU of logged data for the different locations were analyzed in the same way. 
Proportion of patients from whom different locations reported events (clean, accept-
able, and failure) were analyzed by using Fisher’s exact test.
Results  For the whole dental environment, RLUs reduction (<150 units) achieved 
with OBF was 98.4% (97.4–99%). By dental operatory location the reduction in RLUs 
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Introduction
The cross-contamination and dissemination of pathogens 
in a dental operatory environment is a concern during den-
tal procedures. The recent pandemic caused by coronavi-
rus (SARS-CoV-2) that on February 11, 2020, World Health 
Organization named as “coronavirus disease”1 has increased 
this concern. Dental professionals must be aware that droplet 
and splatter have proven to be the main spread routes of oral 
pathogens and, among them, SARS-CoV-2.1

Oral droplet and splatter are biological substances (made of 
a combination of particles, gases, vapors, biological fragments, 
or microorganisms that are or become airborne) with a diam-
eter between 0.5 and 10 µm that have the potential to pene-
trate and lodge in the smaller passages of the lungs.2,3 These 
particles are disseminated during standard dental treatments 
(e.g., ultrasonic scaling, professional mechanical tooth clean-
ing, etc.) and are potential sources of cross-transmission of 
microorganisms.4 In this regard, a recent study has shown 
that instruments, such as rotating tools, ultrasonic scalers, 
and piezo tools, produce a greater amount of aerosols/spray 
during dental procedures that can widely spread the saliva of a 
potentially infected patient, thereby exponentially increasing 
the risk of contamination/contagion.5

These considerations have gained relevance since 
SARS-CoV-2 represents a high risk for cross-transmission of 
microorganisms for oral health professionals (OHP), which 
can become potential carriers of the disease due to the unique 
nature of oral health procedures, that involve aerosol genera-
tion and the close proximity of the professionals to the highly 
contaminated oropharyngeal region of symptomatic and 
asymptomatic patients.6 Besides, as reported by Zemouri et al,7 
patients could also generate droplets and splatter by coughing, 
sneezing, and talking; therefore, the transmission probability 
is driven by indoor air quality, patients infectiousness, and the 
masks used by OHPs. Actually, Gou et al concluded that SARS-
CoV-2 has been widely distributed in the air (as an aerosol) and 
on object surfaces with transmission distances close to 4 m in 
hospital facilities such as intensive care units. This poses a high 
infection risk for medical staff and other close persons. Most 
particularly, such risk is the highest in small indoor rooms.8

Measuring the concentration of adenosine triphos-
phate (ATP) by bioluminescence assay is a technique rou-
tinely used in hospitals and the food industry9-12 for fast 
and accurate quantification of biological contamination 
on surfaces. ATP systems are able to detect dried organic 
materials and dead microorganisms9 and to determine the 
efficacy of environmental cleanliness procedures even 
with low microbial counts,13,14 but do not detect viruses. 
This measurement technique has been successfully used 
in a recent dentistry study which showed increased bio-
contamination levels on operator’s goggles, masks, arms, 
and patient’s goggles after standard dental procedures, 
demonstrating the ability of generated droplet and splat-
ter to spread infection among operators and patients.4

Cross-transmission of microorganisms can be pre-
vented by preventing the contamination.15 This can be 
achieved either at a macro level increasing ventilation or 
at the source of contamination by applying an aerosol suc-
tion device, like the OBF, which was initially developed for 
astronauts in space. In the absence of gravity, particles of 
saliva or blood containing pathogens are released into the 
environment16,17 as also reported in patients in isolated 
missions17 both probably due to reduced ventilation, as 
suggested by Zemouri et al,7 which studied the analogous 
situation in dental clinics due to the indoor air quality. The 
perioral suction device named Oral BioFilter (OBF) con-
sists in an ergonomic lip retractor that supports an extra-
oral suction device which connects to the dental chair’s 
high-volume evacuator (HVE) suction system. This device 
acts as a filter that prevents airborne microparticles from 
expanding beyond the work area, thus harming the OHP 
as well as the patients. As a consequence, OBF improves 
everyone’s safety by keeping the dental workplace hygiene 
and cleanliness.16,18

The aim of the present study is to assess the effectiveness 
of the OBF device to reduce cross-transmission of microorgan-
isms by analyzing the contamination patterns produced by 
droplet and splatter during professional dental hygiene with 
ultrasonic scaling, followed by professional mechanical tooth 
cleaning (PMTC) with high-speed contra-angle handpiece.

was from 99.6%, on the operator face-shield, to 83% on instrumental table. The control 
group reported a very high percentage of failures, (>300) being 100% on the surfaces 
closer to the patient’s mouth and decreasing to 70% on instrumental table. In contrast, 
the higher failure percentage in the OBF group was found on the patient’s goggles 
(40%), while the operator face-shield showed an absence of contamination.
Conclusion  OBF device has shown efficient reduction of biological aerosol 
cross-contamination during dental procedures as proved by ATP-bioluminescence 
assay. Nevertheless, for maximum safety, its use must be combined with standard pro-
tective gear such as goggles, face shield, and surgical gloves.
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Materials and Methods
Study Design
The study was performed during the routine clinical prac-
tice in patients undergoing a programmed professional 
dental hygiene with ultrasonic scaler followed by a PMTC. 
All participants gave written informed consent to the pro-
cedure, which was approved by the University of Barcelona 
Bioethics Committee, as a part of the first author PhD 
Thesis project, and was conducted in accordance with the 
Helsinki Declaration of 1975, as revised in 2013.

The standard professional dental hygiene procedure was 
performed by a single right-handed hygienist at a height 
of 1.55 m with no assistant, using an ultrasonic scaler 
(Satelec Acteon group, Merignac, France) during 10 min-
utes, followed by polishing with polishing paste and NSK 
contra-angle (M 25 S-MAX, NSK, Nakanishi, Tochigi-ken, 
Japan). As a pretreatment standard procedure, patients’ 
oral cavity was rinsed with 0.2% povidone iodine for 1 
minute to reduce pathogen load stemming from droplet 
and splatter forming procedures in dental settings.19,20 
The instrumental table was located 1 m from the patient’s 
mouth, on the right of the patient and in front of the 
hygienist. Patients were lying down in the dentist’ chair 
(FEDESA JS 500, FEDESA, Madrid, Spain), with a distance 
between the operator’s face shield and the patient’s mouth 
of 30 cm (►Fig. 1). The procedure was carried out with a 
dental chair’s HVE suction system, which provided at the 
HVE hose while saliva ejector was also active a relative neg-
ative pressure of 143 mbar measured by a vacuum meter 
(Thyracont VD81, Thyracont, Passau, Germany) and an air 
flow of 240 liters per minute (DURR ROTA 84.4000 SW 
N4 10× flowmeter, Dürr systems, Bietigheim-Bissingen, 
Germany). The sole difference between the control and 
the OBF group was the static device connecting the HVE 
system with the patient’s mouth, during a dental hygiene 
two hands procedure, with the OHP keeping the intraoral 
mirror in the left hand while scaling with the right hand.

Patients were randomized 1:1 to use or not the OBF 
device. The study primary outcome was the total number 
of RLU from every location of dental environment: oper-
ator’s face shield, operator’s back of the surgical glove, 
patient’s safety goggles, and instrumental table. Secondary 
outcomes were percentage contamination differences at 
the different locations between control and OBF groups.

Sample Collection and Illuminometer Assay
The analyzed surfaces were the instrumental table, the oper-
ator’s right hand protection (long cuff sterile latex surgical 
gloves), the patient’s safety goggles, and the operator’s face 
shield. They were cleaned with 70% alcohol disposable gauze 
just before the dental procedure and after taking the sam-
ples. Operator’s gloves were changed and discarded between 
patients.

Samples were obtained immediately after dental proce-
dure finalization from the aforementioned surfaces from the 
patient as well as the operator using a chemically impreg-
nated reagent cotton swab (ATP Test Swab UXL100, 3M, 
Minnesota, United States) for ATP assay. Areas measured con-
sisted in 100 cm2 on the surface of the face shield, patient 
dental goggles, OHP back of right-hand glove, and instru-
mental table.

All samples were obtained by a second operator, also 
provided with the adequate protective equipment. The ATP 
bioluminescence assessment was performed as described by 
Sanna et al.,11 by using a Lumitester (3M Clean-Trace LM1, 
3M, Minnesota, United States) according to the manufactur-
er’s instructions.

Biocontamination levels, expressed in relative light units 
(RLUs) which in turn are a function of ATP concentration, 
were recorded. An RLU level <150 units was considered as 
clean; RLU levels ranging from 151 to 300 were considered as 
acceptable, and an RLU level >300 was considered as a failure 
of the cleaning protocol, a threshold based on the report by 
Ho et al21 as well as the manufacturer’s recommendations.

Statistical Analysis
Variables were described by using summary statistics as 
median, minimum, and maximum values and splatted by 
group (OBF and control). The Shapiro–Wilk test was used to 
check normality of transformed data.

The potentially contaminated areas (100 cm2) were 
measured on the surface of the operator’s face shield and 
back of the right-hand glove, the patient’s goggles, and 
the instrumental table. After the natural logarithm trans-
formation, a centered distribution was reached (Shapiro–
Wilk p = 0.5447 for OBF and p = 0.8553 for control groups).

Primary outcome, total RLU, was analyzed by comparing 
the means of logged data, using a two-sided two-sample 
t-test. Conclusions were drawn in terms of percentage of 
reduction as ratio of (GM − 1) × 100, where GM was the geo-
metric mean and their confidence intervals.

Power calculation was performed taking into account a 
previous pilot study (data not shown), in which a coefficient 
of variation on the original scale of 12 was obtained, then 
a two-sided two-sample t-test with 20 subjects per group 
and significance level of 0.05 achieved 94% power to detect 
a ratio of geometric means of 0.08 or reduction of 92% when 
using OBF.

Secondary outcomes as RLU of logged data for the dif-
ferent locations were analyzed in the same way. Proportion 
of patients from whom different locations reported events 
(clean, acceptable, and failure) were analyzed by using 

Fig. 1  (A) Image of Oral BioFilter device. (B) Representative image of 
professional hygienic procedure.
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Fisher’s exact test. A natural logarithm transformation was 
applied for total RLUs and for every location due to the 
extremely asymmetrical distribution of data.

Randomization list and power calculation were performed 
with PASS 2020 (PASS 2020 Power Analysis and Sample Size 
Software (2020). NCSS, LLC. Kaysville, Utah, USA css.com/soft-
ware/pass) and data management and statistical analysis with 
STATA 16 (StataCorp. 2019. Stata Statistical Software: Release 
16. College Station, Texas, United States: StataCorp LLC).

Results
The study was carried out on May and June 2020. In total, 
40 patients were included 16 males and 24 females, with 
a mean age (standard deviation) of 45.6 (16.4) years and 
40.6 (13.7) years, respectively.

The mean RLU values and the difference between groups 
(total and by each location) are shown in ►Table  1, indi-
cating the percentage of reduction using OBF with respect 
to control. For the whole dental environment, the percent-
age of reduction in RLUs achieved with OBF was 98.4%; this 
reduction ranged from 97.4 to 99% in the 95% of the cases 
(►Table  1). Regarding the analysis by locations, the use of 
OBF showed different percentages of reduction in RLUs rang-
ing from the maximum, a 99.6%, in the OHP face shield, to a 
minimum (83%) in the instrumental table (►Table 1).

Regarding the three cleaning levels according to the RLUs 
values, high differences were also found favoring OBF group 
in all measured locations (►Table  2). The control group 
reported a very high percentage of failures, being the 100% 
in the surfaces nearer to the patient’s mouth and decreasing 
to 70% in the instrumental table. In contrast, the higher per-
centage of failures in the OBF group was found in the patient’s 

goggles (40%), while the OHP face shield showed a complete 
absence of particles as revealed by RLU counts.

The results of the present study are consistent in proving 
that the use OBF device reduces the bioluminescent droplet 
and splatter particles and splatter produced by dental proce-
dures. The grouped results showed a 98.4% of whole dental 
environment contaminant reduction.

Discussion
In general dental practice, the use of face seal masks was rec-
ommended to reduce the exposure to aerosolized microor-
ganisms such as Mycobacterium tuberculosis.22 Influenza or 
SARS-CoV virus may be also shed into the environment and 
environmental surfaces and transferred to hands of patients 
and health care providers23 as well as form airborne parti-
cles.3,7 The pandemic has made more evident the need for 
masks since SARS-CoV-2 has been consistently detected in 
the saliva of COVID-19 patients.4,24,25 In two recent reports, 
Zemouri et al7,12 have reported that the highest transmission 
possibilities estimated in a dental clinic were for measles 
virus (100%), followed by coronaviruses (99.4%), influenza 
virus (89.4%), and M. tuberculosis (84%).

The detection of biological contamination in dental clin-
ics provides useful information to promote directed hygienic 
measures and avoid biohazard transmission. The ATP levels 
(ATP bioluminescence assay) detected on surfaces and equip-
ment showed a positive correlation with bacterial contami-
nation in dental practice.12 Bioluminescence has not proven 
to date a direct correlation between viable microbial counts 
and detected ATP levels.9,13 However, ATP-bioluminescence is 
a valuable tool for determining the efficiency of cleanliness 
procedures as well as to distinguish between live and dead 

Table 1   Comparison between groups for total relative light unit and by locations for logged data

Location Mean Difference Reduction (%)a 95% CI p-Value

All

OBF 6.62 −4.15 98.4 97.4–99.0 <0.001

Control 10.77

Face shield

OBF 4.33 −5.46 99.6 99.2–99.8 <0.001

Control 9.79

Surgical glove

OBF 5.31 −3.69 97.5 94.7–98.8 <0.001

Control 9.00

Patient safety goggles

OBF 5.63 −2.76 93.7 86.3–97.1 <0.001

Control 8.39

Instrumental table

OBF 4.42 −1.77 83.0 66.1–91.6 <0.001

Control 6.19

Abbreviations: CI, confidence interval; GM, geometric means; OBF, oral biofilter.
aReduction: (ratio of GM − 1) × 100.
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cells,13 but it is not efficient in detection environmental, not 
cell-bound ATP and viruses.

Using ATP bioluminescence, Watanabe et al reported sig-
nificant higher values of contamination and splatters in sur-
faces produced by droplet and splatter in operator masks, 
goggles, chest, and gowned right arm after dental proce-
dures.4 Zemouri et al7,12 estimated that, even if the contam-
ination due to droplet and splatter may be low in a dental 
clinic, the highest level of contaminated particles is to be 
found within 80 cm around the head of the patient because 
the droplet and splatter produced by oral health treatments 
may contain a similar number of pathogens as compared 
with coughing and sneezing. Although the exact numbers 
of viral pathogens in droplet and splatter are not known to 
date, Zemouri et al7 as well as Prather et al26 suggest that 
SARS-CoV-2 is spreading in droplet and splatter exhaled by 
highly contagious, nonsymptomatic individuals.

It is important to remark that although our study has 
focused in assessing the novel OBF device efficacy for 
cross-contamination reduction; personal protective equip-
ment such as face shield, mask, goggles, and surgical gloves; 
and protective measures are still fundamental elements to 
mitigate infectious risks. Several studies have shown how 
such protective gear coupled with a reasonable dental equip-
ment use are important to prevent infections.27,28

In our study, the impact of using a OBF device was 
assessed by using the same biological detection assay used by 
Watanabe et al,4 in patients after a standard dental hygiene 
procedure. Since patients both groups of patients were sub-
mitted to the same standard procedure that includes a 0.2% 
povidone iodine mouthwash for 1 minute, the ATP biolu-
minescence measurement was aimed to detect and localize 
the biological cross-contamination, be that constituted by 
living or dead cells and particles. We observed a significant 
decrease, around 98.4%, in whole dental environment con-
tamination with the use of OBF. Our results corroborate the 

risk of biological cross-contamination by droplet and splatter 
described by Watanabe et al4 and Zemouri et al7,12 in oper-
ator’s and patient’s protective gear, thus demonstrating the 
utility of bioluminescence to assess the reduction of droplet 
and splatter spreading by using OBF. The limitation of our 
study is that bioluminescence, despite being able to identify 
living microorganisms, such as bacteria, dinoflagellates, and 
fungi, does not detect the presence of viruses.13

Despite reports of measurable droplet and splatter reduc-
tion have encouraged the HVE use in routine dental practice 
while working with four hands,29 other authors did not find 
neither significant droplet and splatter counts decrease nor 
environmental contamination reductions unless the HVE 
aspirator was subject to modifications.30 In our study, the 
OBF device as provided by the manufacturer was attached to 
the standard HVE hose while permitting the OHP to operate 
with two hands without assistant. A much improved reduc-
tion of droplet and splatter dissemination was evidenced, 
when compared with the control group, that do not used 
the HVE device because is incompatible with the use of an 
intraoral mirror in two hands work. Moreover, we wanted to 
corroborate the dispersion distance of particles Watanabe et 
al found in their study4 and to analyze the effectiveness of the 
OBF device against the total spread of droplet and splatter 
particles. For this reason, further analysis of the droplet and 
splatter reduction in four hands work, where the operator’s 
dental assistant will handle the HVE and the saliva ejector, 
while the operator will continue to use ultrasound and the 
intraoral mirror are planned.

Watanabe et al reported that the surface with the high-
est contamination levels was in the patient’s safety gog-
gles,4 while Zemouri et al found the highest bacterial 
contamination on the patient’s chest area.12 Previous stud-
ies highlighted that eye infections are common among den-
tists,31 which risk being also signaled for SARS-CoV-2 both 
for general population32 and for dentists. Moreover, blood 

Table 2   Counts of occasions with clean, acceptable, and failure events by locations

Location Clean
(RLU < 150)

Acceptable
(RLU = 150–300)

Failure
(RLU > 300)

p-Value

Face shield

OBF 15 (75) 5 (25) 0 <0.001

Control 0 0 20 (100)

Surgical glove

OBF 8 (40) 5 (25) 7 (35) <0.001

Control 0 0 20 (100)

Patient safety goggles

OBF 6 (30) 6 (30) 8 (40) <0.001

Control 1 (5) 0 19 (95)

Instrumental table

OBF 15 (75) 4 (20) 1 (5) <0.001

Control 4 (20) 2 (10) 14 (70)

Abbreviations: OBF, oral biofilter; RLU, relative light unit. 
Note: Data are expressed as counts (%).
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or saliva contained in the splatters could produce infection 
and corneal epithelial exfoliation, conjunctivitis, and kerati-
tis.33 With the use of OBF, the droplet and splatter reduction 
achieved 97.3% in patient’s goggles and 99.6% in OHP’s face 
shield, thus providing an extra protective measure against 
ocular cross-contamination.

The OHP’s hand is the surface closest to patient’s mouth; 
therefore, a contamination of this surface is common in clinical 
practice. The use of OBF promotes a reduction of contamina-
tion on the surgical gloves of 97.5% versus control group (with-
out OBF). This result demonstrates that OBF could also enhance 
the prevention of biological cross-contamination in high-risk 
airway management procedures34 as well as in orofacial aero-
sol-generating procedures also usual in head and neck surgery,35 
otolaryngology,36 and anesthesia.37 Although this noticeable 
decrease represents an improvement of the cross-contamina-
tion control, for safety purposes, adopting updated guidelines 
on infection prevention7,12,38,39 is still mandatory.

It is interesting to note that the lowest percentage of 
the contamination reduction achieved with the OBF device 
was found in the instrumental table (83% reduction of 
biological contamination) located at a distance of 1 m 
from the patient which agrees with the 80 cm distance 
reported by Zemouri et al.7 At first glance, despite being 
statistically significant, such reduction highlights the dif-
ference between 70% unacceptably contaminated surface 
cases (control group) down and just 1% (OBF group; p < 
0.001). On the other hand, particles sized between 1 and 
4 microns expelled by patients just by breathing have the 
potential of lingering in the air7,26 and may be displaced by 
airflows and deposited on equipment.40 This result is rele-
vant as the material placed on the instrument table should 
be preserved in the cleanest possible condition after being 
unpacked, so further measures have to be taken to avoid 
cross contamination on this area.

The significant difference among RLU measures between 
both groups (OBF vs. control; 6.62 vs. 10.77 [difference = 
−4.15]; p < 0.001) confirms that the major effect of OBF is for 
the OHPs. When proper infection control measures are used, 
the chance for the patient to become contaminated by micro-
organisms from the previous patient is substantially limited. 
Therefore, only in the event that these standard measures 
failed due to human error, we can consider that the device 
adds extra protection to the next patient. The device does not 
remove the infection risk but reduces the cross-contamination 
risk by limiting the droplet and splatters.

Taken together, these first results show a significant reduc-
tion of cross-contamination on oral health operatory surfaces 
by using the OBF device as well as relevant information about 
which specific surfaces require additional hygienic measures 
to ensure patient’s and OHPs protection.

In conclusion, to our knowledge, this is the first study 
that uses a specific device designed to reduce the biolog-
ical cross-contamination in routine oral health practice. 
It is important to remark that OBF device provides a much 
improved protection, but it is no substitute to other protec-
tive measures such as face shield and mask, goggles, and sur-
gical gloves which must still be considered mandatory.
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