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Abstract: 12 

The dilution effect of dental irrigants and the composition model of the liquid 13 

mixture have been typically overlooked in the transmission investigation of dental 14 

surgery. As the mass concentration of non-volatile components in droplets can 15 

determine the equilibrium size of dehydrated droplet nuclei and even the viral activity, 16 

the present study aims to numerically assess the evaporation characteristics of dental 17 

droplets in different compositions. The influence of organics in human saliva and 18 

adjuncts in dental irrigants can be revealed by the droplet spatial-temporal distribution, 19 

evaporation and deposition statistics. The results showed that the use of salt as an 20 

adjunct in dental irrigants could help enlarge the equilibrium size of droplet nuclei over 21 

10 𝜇𝜇𝜇𝜇  and increased the fraction of deposited droplets by 3%. The size range of 22 
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suspended particles exhibited an even 300% difference amongst the irrigant types. 23 

Droplets in the three-composition models have shorter evaporation times and larger 24 

deposition rates than the two-composition models. Therefore, the composition 25 

difference in the dental liquid mixtures should be further considered when conducting 26 

cross-infection assessments. The results can promote the development of dental 27 

guidelines by modifying the adjunct in dental irrigants to reduce the possibility of cross-28 

infection. 29 

Keywords: Droplet composition; Evaporation; Liquid mixture; Equilibrium size; 30 

Dental irrigants. 31 

 32 

Introduction 33 

A surge of interest has emerged in investigating the propagation patterns of droplet 34 

and aerosol particles in healthcare facilities. 1-3 This is because the activated viruses can 35 

be detected in the saliva and respiratory secretions during a respiratory infection. 4, 5 36 

Three dominant transmission routes, airborne transmission, droplet transmission and 37 

direct contact, have been noticed in the surgery environments. 6, 7 Providing routine 38 

medical services in a healthy and comfortable environment is necessary for every 39 

individual. During dental atomization procedures, plenty of droplets and aerosol 40 

particles can be generated. The size distribution of the emitted particles can range from 41 

5 to 250 𝜇𝜇𝜇𝜇. 8, 9 Several advanced experimental methods like high-speed cameras and 42 

luminescent tracers have been employed to identify the spatial-temporal distribution. 43 

10-13 After being ejected from the treatment region, droplets gradually become 44 
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dehydrated until reaching the equilibrium size. Both the environmental conditions and 45 

droplet compositions can further affect the aforementioned size ratio. Overall, the 46 

droplet nuclei dehydrated from the large droplets can also be suspended in the air for a 47 

long time, and the cross-infection might occur once susceptible subjects have inhaled 48 

the virus-laden particles. Therefore, the evaporation and propagation characteristics of 49 

dental-emitted droplets should be accurately investigated, especially during the 50 

atomization procedures. 51 

 52 

The final equilibrium size of respiratory droplets has been theoretically and 53 

experimentally investigated, which is about 20 − 40% of the initial diameter. 14 Some 54 

researchers predicted the size of droplet nuclei to be 31% of the initial diameter. 55 

Droplets with high protein concentrations were different from those with low protein 56 

concentrations. 15-17 The final equilibrium size ratio for the low and high protein 57 

droplets were 0.19 and 0.41, respectively. 18 However, dental irrigants could dilute 58 

human saliva, increasing the volatile component (water) of emitted droplets. The 59 

continual employment of the aforementioned size ratio cannot be appropriate in dental 60 

surgery. Dental irrigants can help prevent injury of the pulp and soft tissues. 19 Many 61 

scholars assessed dental contaminations using the manikin phantom head, but they 62 

simplified the generation and composition of saliva mixture. 20-22 Overlooking the 63 

saliva composition might induce significant errors in evaluating the viral load of 64 

suspended particles and the exposure risks in dental surgery environments. Besides, the 65 

use of chemical agents in dental irrigants can change the mass ratio of droplet 66 
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components. The droplet generation, deposition and suspension characteristics can be 67 

further impacted. Some scholars indicated that adding the oxidant could affect the mean 68 

droplet size. The viscoelastic properties of liquid would change with the supply of 69 

different dental irrigants. 23, 24 However, they did not further specify the difference in 70 

evaporation and propagation properties of dental-emitted droplets. Therefore, the 71 

present study can contribute as the first research to quantitatively investigate the 72 

composition effect of the dental liquid mixture on droplet propagation and evaporation 73 

in the surgery environment.  74 

 75 

High-resolution studies are warranted to resolve the droplet evaporation and 76 

propagation characteristics over a large space. 25, 26 Computational fluid dynamics 77 

(CFD) simulation has been widely employed to track particle dispersal in different 78 

scenarios. 27-30 However, limited numerical studies focused on specific dental clinics 79 

because of the difficulty in obtaining the initial boundary conditions. Some research 80 

even assumed that dental irrigants did not dilute human saliva. 31, 32 The evaporation 81 

characteristics of dental droplets were similar to those generated by sneezing and 82 

coughing. Besides, the respiratory droplets had been previously modelled as water or 83 

saline solutions. The organic components in droplets had been ignored. 7, 33 The 84 

aforementioned simplification can directly impact droplet suspension and deposition 85 

properties. 34 Therefore, the present study would employ the CFD to systematically 86 

investigate how the airflow interactions in dental clinics affect the propagation, 87 

evaporation and deposition patterns of dental droplets with different composition 88 
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models. 89 

 90 

Dental irrigants employed in the procedures can change the viscoelastic properties 91 

of the liquid mixture, further affecting the droplet atomization, propagation and 92 

evaporation patterns in surgery environments. The present study analyzed the 93 

composition effect of dental droplets from their spatial-temporal distribution, 94 

evaporation time and deposition statistics. These factors can directly impact human 95 

exposure and cross-infection risks in dental environments. The results of the 96 

modification of chemical adjuncts in dental irrigants aimed to promote the development 97 

of source-control mitigation measures, update the dental guidelines and further provide 98 

crucial underpinnings for developing healthy and safe medical environments.  99 

 100 

Numerical modelling 101 

Computational domain and numerical setup 102 

The computational domain for the dental surgery room is presented in Figure 1 (a), 103 

where the dimension aligns with our experimental chamber. The manikin models were 104 

obtained from the virtual manikin library. 35 The four-handed dentistry has been widely 105 

adopted in practice. The dental patient lay on the chair, and the dental professional sat 106 

next to the patient. A dental assistant stood by to prepare dental instruments. The dental 107 

surgery room was maintained at six air changes per hour (ACH) in the mixing 108 

ventilation. The air temperature and relative humidity were 23.5℃  and 50%, 109 

respectively. The boundary conditions were determined by our previous experimental 110 
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measurement. 9 Only the convective heat transfer was considered for the computational 111 

thermal manikin. The heat flux variation amongst the four different body segments 112 

(head, trunk, arms and legs) was also considered with a range from 23.5 𝑡𝑡𝑡𝑡 33 𝑊𝑊 𝑚𝑚2⁄ . 113 

The non-slip adiabatic conditions were applied for the room wall and floor. As for the 114 

manikin breathing patterns, the periodic breathing airflow was also taken into 115 

consideration as shown in Figure 1 (c). The pulmonary ventilation rate of 0.36 𝑚𝑚3/ℎ 116 

was referred to human light activity condition. 36 The breathing of the dental 117 

professional was maintained as mouth inhalation/exhalation, while the breathing of the 118 

dental assistant was based on the nose patterns. The dental patient’s nasal breathing was 119 

omitted to save computational resources. 32 120 

 121 

 122 

Figure 1 Computational domain and numerical setup: (a) The computational domain 123 

representing the dental surgery room; (b) Refined mesh near the manikins’ breathing 124 

zone; (c) Sinusoidal breathing flow with the 6 𝑠𝑠-breathing cycle 125 

 126 

The computational domain was discretized by the unstructured mesh with 127 
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tetrahedral elements. Five prism layers were generated on the manikin skin surface to 128 

capture the temperature gradient and thermal plume accurately. The height of the first 129 

prism layer was set as 0.2 𝑚𝑚𝑚𝑚 to keep the 𝑦𝑦 + less than 1.0. The mesh was refined 130 

near the manikins’ breathing zone to record the airflow fluctuation and particle dispersal 131 

details. The locally refined mesh was scaled up and presented in Figure 1 (b). The grid 132 

independence test was performed by generating the coarse (5.3 𝑒𝑒6 grids), medium (7.2 133 

𝑒𝑒6 grids) and fine mesh (9.9 𝑒𝑒6grids). The velocity and temperature values from the 134 

measurement line 𝐴𝐴 − 𝐵𝐵 were compared as shown in Figure 2. Considering the limited 135 

difference between the medium and fine mesh, the medium mesh of 7.27 𝑒𝑒6 grids was 136 

adopted to save computational costs. 137 

 138 

 139 
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 140 

Figure 2 The grid independence test on the measurement line 𝐴𝐴 − 𝐵𝐵 with the 141 

velocity magnitude and temperature 142 

 143 

Boundary conditions 144 

The airflow characteristics were simulated by the realizable 𝑘𝑘 − 𝜀𝜀 turbulence 145 

model. The model performance had been validated for the simulation of the airflow 146 

characteristics in indoor environments. 32 The pressure-velocity coupling was resolved 147 

by the SIMPLEC scheme, and the second-order upwind scheme was employed to 148 

discretize the momentum, energy, turbulent kinetic energy and dissipation rate. After 149 

the ambient ventilation flow and manikin thermal plume reached steady-state 150 

conditions, the modelling was then transferred to the transient model. The time step for 151 

the transient simulation was defined as 0.04 𝑠𝑠. 37 Detailed numerical settings could be 152 

found in our previous research. 25, 38 As shown in Figure 3, the experimentally recorded 153 

diameter distribution was compared to the Rosin-Rammler distribution ( 𝑌𝑌𝑑𝑑 =154 

𝑒𝑒−(𝑥𝑥 42.5⁄ )2.01). 155 

 156 



9 
 

 157 

Figure 3 Diameter distribution of dental droplets compared to the Rosin-Rammler 158 

distribution in the discrete phase mode 38 159 

 160 

The dental droplets with a wide range size distribution from 5 𝜇𝜇𝜇𝜇  to 250 𝜇𝜇𝜇𝜇 161 

were ejected from the oral cavity when conducting the ultrasonic scaling on the 162 

patient’s central incisor (as shown in Figure 3). Besides, the droplet velocity and 163 

distribution cone angle were 2.6 𝑚𝑚/𝑠𝑠 and 30 degrees, respectively. 9 The mass flow 164 

rate was maintained at 0.001 𝑘𝑘𝑘𝑘/𝑠𝑠 . 38 The mean stimulated salivary flow rate was 165 

defined as 1.4 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚. 39 The dental irrigants and human saliva were assumed to 166 

be well-mixed. To track the trajectories of emitted droplets, gravity, thermophoretic and 167 

Saffman lift forces were considered in the present study. The Fluent theory guide40 had 168 

well-documented detailed force calculation equations. In addition, the discrete random 169 

walk model had also been adopted to track the turbulent dispersion of droplets. 170 

As for the two-composition droplet models, the respiratory droplet was composed 171 

of water (𝜌𝜌 = 998 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ , 98.2% of mass) and salt (𝜌𝜌 = 2170 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ , 1.8% of mass). 172 
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41 In the three-composition model, the respiratory droplet was composed of water (𝜌𝜌 =173 

998 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  ), glycerin (𝜌𝜌 = 1260 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  ) and salt (𝜌𝜌 = 2170 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  ). The mass 174 

fractions for the corresponding components were defined as 91.12%, 8%, and 0.88%, 175 

respectively. 42, 43 Besides, two types of dental irrigants, distilled water and 0.9% 176 

normal saline, were employed to dilute the human saliva. The water supply flow rate 177 

was 60 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 to keep in line with experimental conditions. Table 1 lists the six 178 

cases with different droplet composition models and irrigant types investigated in the 179 

present study. 180 

 181 

Table 1 Different cases with the consideration of droplet composition models and 182 

dilution type of dental irrigants 183 

Case Type of droplet model Type of dental irrigants 

1 Two-composition model No Dilution 

2 Two-composition model 0.9% Normal saline 

3 Two-composition model Distilled water 

4 Three-composition model No Dilution 

5 Three-composition model 0.9% Normal saline 

6 Three-composition model Distilled water 

 184 

Model verifications 185 

Droplet evaporation and airflow interaction around the human micro-environment 186 

can directly impact the dispersion characteristics of droplets and aerosols. Therefore, 187 
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two verifications for the continuous and discrete phase models were conducted in the 188 

present study. The first verification focused on the evaporation process of the two-189 

composition respiratory droplet, and the second was on the human thermal plume under 190 

the buoyancy effect. The numerical settings of droplets in the verification were 191 

consistent with the current simulation. The comparison of the droplet evaporation 192 

process with the previous study was presented in Figure 4 (a). 41 The air temperature 193 

was kept at 25℃ . The droplet temperature was set as 37℃ , with a density of 194 

1000 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  . The modelled evaporation process of respiratory droplets well 195 

reproduced the experimental result. Figure 4 (b) shows the second verification model 196 

of the manikin’s thermal plume under the buoyancy effect. The simulated results were 197 

compared with prior particle image velocimetry (PIV) measurements. 44 Measurement 198 

error for the velocity was also considered. 9 The difference in the velocity magnitudes 199 

over 1.7 m (above the human shoulder) was noticed owing to the discrepancy in the 200 

shape of the manikin. Overall, satisfactory results were provided to predict the human 201 

thermal plume and evaporation process of respiratory droplets. These were the critical 202 

bases for accurately tracking the droplet evaporation and propagation patterns in the 203 

dental surgery environment.  204 

 205 
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 206 

 207 

Figure 4 Numerical model verifications for the discrete and continuous phase models: 208 

(a) Evaporation process of the respiratory droplets 41 (b) Human thermal plume 209 

characteristics 44 210 

 211 

Results 212 

Evaporation comparison amongst droplet compositions 213 
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Figure 5 presents the evaporation comparison of the initial 100 𝜇𝜇𝜇𝜇  droplet 214 

amongst the different investigated cases. The equilibrium size ratio was determined 215 

from the evaporation process of single droplets when the volatile compound (water) 216 

had been fully dehydrated. The ratio was calculated from the equilibrium size of droplet 217 

nuclei divided by the initial droplet size. The difference in the equilibrium sizes and 218 

evaporation time was noticed amongst the investigated cases. As for the two-219 

composition droplet models, the equilibrium sizes were: 26.2%, 20.9% and 7.4% of the 220 

initial droplet diameter in Case-1, Case-2 and Case-3, respectively. Meanwhile, the 221 

equilibrium size ratios for the three-composition droplet model were increased to 41.7%, 222 

21.2% and 11.7% in Cases-4, Case-5 and Casee-6, respectively. The mass fraction 223 

distinction in non-volatile components induced the size difference. The size ratio 224 

remained constant in the analysis. The results obtained in Case-1 (26.2%) and Case-4 225 

(41.7%) were used to further validate the simulation results. The obtained size ratios 226 

were similar to previous studies. 41, 43, 45 As for the evaporation time, three-composition 227 

droplet models produced a shorter evaporation time than the two-composition models 228 

of the same irrigant type. The longest evaporation time (5.96 𝑠𝑠) occurred in the two-229 

composition droplet models diluted with distilled water (Case-3). Considering the 230 

differences in the droplet evaporation time and equilibrium size amongst the 231 

investigated cases, the droplet propagation and deposition patterns would require 232 

further analysis in surgery environments. 233 

 234 
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 235 

Figure 5 Evaporation comparison of initial 100 𝜇𝜇𝜇𝜇 droplet amongst the different 236 

investigated cases: equilibrium size ratio and evaporation time 237 

 238 

Airflow patterns in the dental surgery room 239 

Figure 6 demonstrates the velocity vector in the dental surgery room (𝑌𝑌 = 2.04 𝑚𝑚 240 

plane). The cooling air from the ventilation inlet could move along the ceiling, a 241 

phenomenon known as the “Coanda” effect. 46 Airflow separations occurred on the right 242 

side of the dental clinic, creating turbulent zones. Airflow mixing was observed 243 

between the human thermal plume and the surrounding ventilation flow. Figure 6 (b) 244 

illustrates the streamlines in the plane 𝑍𝑍 = 1.17 𝑚𝑚. The airflow velocity was around 245 

0.2 𝑚𝑚/𝑠𝑠. The large vortexes were noted near the dental professional, further promoting 246 

the particle deposition. Besides, the recirculation regions near the room walls could 247 

further affect the airborne lifetime of suspended particles. Determining the 248 

corresponding airborne lifetime was critical to helping the restoration of global dental 249 

services. 47  250 
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 251 

Figure 6 Velocity vector and streamlines in the dental surgery environment: a) 𝑌𝑌 =252 

2.04 𝑚𝑚 plane and b) 𝑍𝑍 = 1.17 𝑚𝑚 plane, streamlines coloured by the velocity 253 

magnitude 254 

 255 

 256 

Distribution patterns of dental droplets 257 

Figure 7 illustrates the spatial-temporal distribution of dental-emitted droplets in 258 

the investigated Case-3, and droplets were coloured based on their diameter. There was 259 

no significant difference in the droplet distribution patterns amongst cases. At the initial 260 

state of the ultrasonic scaling, 𝑇𝑇 =  10𝑠𝑠 as shown in Figure 7 (a), droplets would be 261 

ejected from the dental treatment region with a high initial momentum. Compared with 262 

smaller droplets dehydrated into droplet nuclei, the larger droplets would be directly 263 

deposited on the patient’s body, dental chair and floor. The trajectories of larger droplets 264 

were dominated by gravity. Disinfection in such areas should be focused after the dental 265 

procedures. 48 As shown in Figure 7 (b) 𝑇𝑇 = 1 𝑚𝑚𝑚𝑚𝑚𝑚 , some smaller droplets and 266 

dehydrated droplet nuclei would be concentrated and move upward. They might be 267 

trapped by the room wall and ceiling. The aforementioned propagation patterns could 268 

be accounted for by the human thermal plume and surrounding ventilation flow. Besides, 269 
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some droplets could concentrate in areas with high turbulent kinetic energy. 32 When 270 

gravity was the dominant force for the small droplets, they would depart the cloud and 271 

gradually deposit on the ground. As shown in Figure 7 (c) 𝑇𝑇 = 5 𝑚𝑚𝑚𝑚𝑚𝑚 and (d) 𝑇𝑇 =272 

10 𝑚𝑚𝑚𝑚𝑚𝑚, the suspended particles could be transmitted in the entire dental clinic. 10 Some 273 

suspended particles would escape through the ventilation exhaust, while others would 274 

continue to be suspended in the surgery room. Only a few particles can remain airborne 275 

after 20 minutes. Reducing the suspension time and recirculation of small particles in 276 

dental clinics can further reduce the fear and uncertainty of possible airborne 277 

transmission between appointment patients. 278 

 279 

 280 

Figure 7 Spatial-temporal distribution of emitted droplets in the investigated Case-3 281 

with the dental irrigant (distilled water): a) 𝑇𝑇 =  10𝑠𝑠; b) 𝑇𝑇 = 1 𝑚𝑚𝑚𝑚𝑚𝑚; c) 𝑇𝑇 = 5 𝑚𝑚𝑚𝑚𝑚𝑚; 282 

d) 𝑇𝑇 = 10 𝑚𝑚𝑚𝑚𝑚𝑚. 283 

 284 
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The size range of suspended particles presented a significant discrepancy, 5 285 

minutes after the stop of ultrasonic scaling. The size range of suspended particles is 286 

presented in Table 2 amongst the investigated cases. The minimum size of suspended 287 

particles was in Case-3 (2.0 𝜇𝜇𝜇𝜇) when distilled water was selected as the dental irrigant. 288 

Since the mass fraction of the volatile component (water) in Case-3 droplets was higher 289 

than in other cases, the equilibrium size ratio was only 7.4% (referring to Table 1). The 290 

maximum size of suspended particles in Case-3 and Case-6 was smaller than 10 𝜇𝜇𝜇𝜇. 291 

The particle size would be trapped in the human upper airways. 49 Dental professionals 292 

would be prone to cross-infection if the personal protective equipment is not worn. 293 

Besides, the size range of suspended particles in Case-1 and Case-4 (no dilution) was 294 

three times that in Case-3 and Case-6 (distilled water). As for Case-2 and Case-5, the 295 

use of salt as an adjunct in dental irrigants, as 0.9% normal saline solution, can directly 296 

enlarge the size of suspended particles (over 10 𝜇𝜇𝜇𝜇). The evaporation process would 297 

also cause an increase in salt concentration in droplets. The virus viability in droplets 298 

can be impacted. 50 As for the organic influence in droplets, all the investigated cases 299 

indicated they should not be overlooked. 17 Overall, the mass compositions of the dental 300 

liquid mixture can directly affect the size range of suspended particles in dental clinics. 301 

The targeted mitigation measures for smaller particle sizes should be developed when 302 

using distilled water as the dental irrigant during the atomization procedures. 303 

 304 

 305 

 306 
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Table 2 Size range of suspended particles amongst the investigated cases, 5 minutes 307 

after the stop of ultrasonic scaling  308 

Case Minimum size Maximum size Size range 

Case-1 8.4 𝜇𝜇𝜇𝜇 15.6 𝜇𝜇𝜇𝜇 7.2 𝜇𝜇𝜇𝜇 

Case-2 6.8 𝜇𝜇𝜇𝜇 12.4 𝜇𝜇𝜇𝜇 5.6 𝜇𝜇𝜇𝜇 

Case-3 2.4 𝜇𝜇𝜇𝜇 4.4 𝜇𝜇𝜇𝜇 2.0 𝜇𝜇𝜇𝜇 

Case-4 13.2 𝜇𝜇𝜇𝜇 24.4 𝜇𝜇𝜇𝜇 11.2 𝜇𝜇𝜇𝜇 

Case-5 5.7 𝜇𝜇𝜇𝜇 15.4 𝜇𝜇𝜇𝜇 9.7 𝜇𝜇𝜇𝜇 

Case-6 3.7 𝜇𝜇𝜇𝜇 6.8 𝜇𝜇𝜇𝜇 3.1 𝜇𝜇𝜇𝜇 

 309 

Droplet deposition and contamination map  310 

Figure 8 compares the fraction of deposited droplets amongst the investigated cases, 311 

30 minutes after the stop of ultrasonic scaling. When the droplets encountered the 312 

human body segments, dental chair, floor and room walls, they would be “trapped” and 313 

not be resuspended to the air. When droplets leave the computational domain from the 314 

ventilation inlet and outlet, they would no longer be considered in the simulation. The 315 

maximum fraction of deposited droplets (88.4%) was found in Case-4 (No dilution), 316 

while the minimum (76.2%) was found in Case-3 (distilled water). A higher fraction of 317 

deposited droplets was in the three-composition models rather than the two-318 

composition models. Besides, the dental irrigants employed in dental procedures would 319 

also impact droplet deposition. Using the 0.9% normal saline (in Case-2 and Case-5) 320 

could increase the fraction of deposited droplets by 3% compared with the distilled 321 
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water (Case-3 and Case-6). Considering that virus-laden suspended particles would 322 

promote long-range airborne transmission, using salt as the adjunct in dental irrigants 323 

could help droplet deposition. Figure 8 (b) indicates the detailed droplet deposition map 324 

in Case-5, where the droplets were coloured by size. As for the size of the droplets over 325 

50 𝜇𝜇𝜇𝜇 , they would settle on the patient’s body. Around 72% of the dental-emitted 326 

droplets in the six cases would be deposited on the patient’s trunk and head. The 327 

composition variation had a small influence on the final deposition. A significant 328 

difference in the fraction of deposited droplets was found on dental chairs and floors. It 329 

could be accounted for by the discrepancy in the evaporation time and size range of 330 

suspended particles. The droplets deposited on the dental professionals’ bodies might 331 

also promote cross-infection through re-suspension and direct contact. 332 

 333 

 334 
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 335 

Figure 8 Deposition of dental-emitted droplets, 30 minutes after the stop of ultrasonic 336 

scaling: (a) Fraction of deposited droplets amongst the investigated cases (b) droplet 337 

deposition map in Case-5 with the coloured droplet size 338 

 339 

Discussion and limitations 340 

This study was motivated by the significant concern about influenza and SARS 341 

transmission risks in the dental surgery room. In recent decades, several advanced 342 

methods have been proposed to investigate the spatial-temporal distribution of particles. 343 

21, 51 Although these image-based techniques can provide some information on the 344 

atomization mechanisms of dental procedures, they still lack three-dimensional 345 

information about droplet dispersal characteristics. Therefore, CFD simulation was 346 

employed in the present study to provide high-resolution results on droplet evaporation, 347 

propagation and deposition in dental surgery environments. The results can increase the 348 

understanding of the composition effect of dental irrigant and saliva mixture on the 349 

characteristics of suspended particles. Source control measures by modifying the 350 

rheological properties and compositions of the liquid mixture should be further 351 



21 
 

recommended in specific dental surgery environments. 352 

 353 

The concentration of non-volatile components in droplets can determine the final 354 

equilibrium size and evaporation time. However, plenty of research assumed human 355 

respiratory droplets as water or inorganic saltine. 7, 33 The simplification above on 356 

droplet composition could induce mistakes in cross-infection risk assessments. The 357 

virus viability was inversely related to the salt concentration. 50 Droplets emitted from 358 

the oral cavity would be subjected to evaporation. It can cause an increase in salt 359 

concentrations for around an order of magnitude. 17 Besides, the protein content of 360 

respiratory droplets can be elevated by a factor of four when humans are subjected to a 361 

respiratory infection. 52 The nonnegligible protein component can potentially impact 362 

the phase separation and physical changes in respiratory droplets. Some scholars 363 

theoretically found that the droplet composition directly impacted the suspended viral 364 

dose. 34 The effect of droplet compositions on the transmission patterns was numerically 365 

compared. A much shorter sedimentation time was noticed for the organic-containing 366 

droplets. 43 Considering that the studies above were limited to droplets generated during 367 

human respiratory activities, the investigation of the effect of droplet composition in 368 

the specific dental surgery environment is also warranted. Our present study indicates 369 

similar results, with larger deposition rates for the three-composition droplet models in 370 

dental surgery.  371 

 372 

One type of dental mitigation measure is to use salt and oxidative agents in dental 373 
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irrigants since such agents can suppress the viability of viruses in droplets. Although 374 

some researchers had investigated the effect of viscoelastic properties of the mixture 375 

liquid on the atomization mechanism, they did not further specify the difference in the 376 

evaporation and propagation properties of droplets. For example, some scholars 377 

assessed the effect of 𝐻𝐻2𝑂𝑂2  concentrations on dental droplets. 23 They found that 378 

adding the oxidant increased the mean droplet size and expelled velocity. The water-379 

based solution of xanthan gum could help reduce droplet generation during dental 380 

atomization procedures. 24 While the supply of artificial saliva could increase the 381 

generation of larger droplets. 8 The composition of the emitted droplets can be 382 

determined by the mixture of human saliva and dental irritants. The deposition and 383 

suspension characteristics of the droplets are directly related to their non-volatile 384 

components. However, consensus about the composition effect of dental-emitted 385 

droplets on their evaporation and propagation patterns has not been well-investigated. 386 

Therefore, this study can act as the first research to quantitatively investigate the supply 387 

of dental irrigants, as a mitigation measure to suppress the viability of viruses, on 388 

droplet evaporation and propagation. In addition, this study also systematically 389 

investigated how droplet evaporation patterns can be modified by the interaction of 390 

airflow amongst human breathing flow, thermal plume and ambient ventilation flow. 391 

 392 

The present study is limited to the static surgery environment without considering 393 

the dental professionals’ movement and different ventilation modes, which can further 394 

impact the spatial-temporal distribution of dental droplets. Future research would focus 395 
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on the impact of dental professionals’ interaction and ventilation modes on droplet 396 

propagation and evaporation patterns. The relevant droplet composition models are 397 

based on the past measurement of human saliva, and the dilution effect of dental 398 

irrigants is based on the well-mixed assumption. Using adjunct and non-volatile 399 

components in dental unit water may change the rheological properties of the mixture 400 

liquid. Future research needs to experimentally visualize the emitted droplet 401 

characteristics (size and velocity distribution) cooperating with different types of dental 402 

irrigants, further serving as the up-to-date CFD boundary conditions. In addition, the 403 

combination of different environmental conditions and droplet composition models 404 

should be quantitively investigated in dental surgery environments. 405 

 406 

 407 

Conclusion 408 

The present study assessed the composition effect of saliva and irrigant mixture on 409 

the droplet propagation patterns in dental surgery environments, focusing on droplet 410 

spatial-temporal distribution, evaporation and deposition statistics. Modifying the 411 

rheological properties and compositions of the dental liquid mixture can act as an 412 

effective source control measure during atomization procedures. 413 

Some meaningful conclusions are drawn. 414 

1) Using salt as the adjunct and non-volatile component in distilled water can 415 

enlarge the size of suspended particles over 10 𝜇𝜇𝜇𝜇  and increase the fraction of 416 

deposited droplets by 3%. After dental atomization procedures, decontamination and 417 
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disinfection for all surfaces should be conducted. The size range of suspended particles 418 

exhibits an even 300% difference among the irrigant types. 419 

2) Droplets in the three-composition models have shorter evaporation times and 420 

larger deposition rates than the two-composition models in the same irrigant type. The 421 

organic-containing droplet model should be considered in future relevant research. 422 
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