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Abstract 

Objectives: Current instruments cannot clean in between dental implant threads and 

effectively remove biofilm from the rough implant surface without damaging it. Cavitation 

bubbles have the potential to disrupt biofilms. The aim of this study was to see how biofilms 

can be disrupted using non-contact cavitation from an ultrasonic scaler, imaged inside a 

restricted implant pocket model using high speed imaging. 

Methods: Streptococcus sanguinis biofilm was grown for 7 days on dental implants. The 

implants were placed inside a custom made restricted pocket model and immersed inside a 

water tank. An ultrasonic scaler tip was placed 0.5 mm away from the implant surface and 

operated at medium power or high power for 2s. The biofilm removal process was imaged 

using a high speed camera operating at 500 fps. Image analysis was used to calculate the 

amount of biofilm removed from the high speed images. Scanning electron microscopy was 

done to visualise the implant surface after cleaning. 

Results: Cavitation was able to remove biofilm from dental implants. More biofilm was 

removed at high power. Scanning electron microscopy showed that the implant surface was 

clean at the points where the cavitation was most intense. High speed imaging showed 

biofilm removal underneath implant threads, in areas next to the ultrasonic scaler tip.  

Significance: A high speed imaging protocol has been developed to visualise and quantify 

biofilm removal from dental implants in vitro. Cavitation bubbles from dental ultrasonic 

scalers are able to successfully disrupt biofilm in between implant threads.  
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1. Introduction 



Millions of dental implants are fitted each year [1] and they require professional care to 

maintain the health of the perimplant tissues.  Maintenance of dental implants is required 

to treat and prevent peri-implantitis and implant failure [2]. There is a high prevalence of 

peri-implant disease which is often associated with bacterial infection [3, 4] and with the 

number of dental implants increasing, it is imperative that the biofilm build-up around them 

is removed effectively. 

There is uncertainty about which is the most effective treatment for peri-implantitis [5, 6]. 

Surfaces are modified to promote osseointegration of the implant in the bone [7], but the 

presence of biofilm and its accumulation around implants often leads to peri-implantitis and 

bone loss [1].  This can lead to the roughened surfaces becoming exposed to the oral 

environment, allowing further biofilm to accumulate. These surfaces can be easily damaged 

by manual curettes or ultrasonic scaler tips which are used for periodontal therapy on teeth 

[8-10]. Other techniques such as titanium or plastic scaler tips do not effectively clean these 

implants, because they cannot clean in between the implant grooves and on the micro 

rough surface [8, 11]. Therefore, research is being done into finding more effective implant 

debridement methods [10, 12, 13]. 

A novel technique that could be used to remove biofilm from implants without causing 

damage is the use of cavitation bubbles [14]. Acoustic cavitation is the growth and collapse 

of microbubbles when exposed to an ultrasonic field [15]. They can disrupt bacterial biofilm 

by collapsing and releasing shear forces through various cavitation phenomena such as 

micro jet impingement and microstreaming [16]. Cavitation occurs around ultrasonic scalers 

in the cooling water flowing over the vibrating tip [17] and it is being researched as a novel 

method of biofilm removal which could clean dental implants without causing damage. Due 

to the small size of cavitation bubbles, they may be able to reach under implant grooves, as 

well as clean rough surfaces at the microscopic level. They also do not lead to any 

detectable alteration of the implant surface [18] which could prevent increased biofilm 

(re)growth and could help in re-osseointegration after peri-implantitis. 

In order to understand how cavitation is able to remove biofilm from dental implants, real 

time imaging of the cleaning process is required to visualise the bubble dynamics and 

cleaning patterns. A high speed camera has been used in previous studies to image 

cavitation bubbles around dental instruments [18-20]. It also has potential to be used as a 









power (power 20) for 2s. Five samples were imaged for each test condition. High speed 

imaging was done at 500 frames per second (fps), with a shutter speed of 1/1000 s, at a 

magnification of x0.8 or x4 giving a resolution of 12.5 µm/pixel or 2.5 µm/pixel respectively.  

 

Figure 2 Schematic of the high speed imaging setup 

 

2.4 Image Analysis 

The biofilm removal on the implants was quantfied by calculating the area of biofilm on the 

implants from the high speed images. A high speed image taken before the scaler was 

operated was compared to a high speed image taken after operating the scaler tip for 2s. 

The two images were cropped to a rectangle which showed an identical area before and 

after cleaning. Fiji [24] (ImageJ, U.S. National Institutes of Health, Bethesda, Maryland, USA) 

was used to segment the images to calculate the area of biofilm on the implant surface 

before and after cleaning. Image segmentation was done using manual thresholding (Error! 

Reference source not found.). The number of white pixels in the thresholded image 

corresponded to the biofilm area. The ratio of pixels in the before and after thresholded 

images was taken to calculate the percentage of biofilm remaining on the surface. This was 

done for 5 repeat experiments for each power setting investigated and the mean value was 

plotted using Sigmaplot. Statistical significance was tested in Sigmaplot  



 

Figure 3 Image analysis steps on an example high speed image showing how the image was 
cropped (b) and thresholded (c). The blue overlay (d) of the thresholded image on 
the original image demonstrates the accuracy of the image segmentation  

 

2.5 Scanning Electron Microscopy 

Scanning electron microscopy (SEM) was used to image the implants at high magnification 

before biofilm growth and after the biofilm disruption experiments using an EVO MA-10 

(Zeiss, Germany). Images were taken at x2000 and x5000 magnification, at a working 

distance of 11 mm and 10 kV. Samples were dehydrated using serial ethanol gradient 

immersions and then gold sputter-coated (Emitech K550X, Kent, UK) for SEM as previously 

described [25]. For imaging after cleaning, images were taken at the point where the tip of 

the ultrasonic scaler tip was closest to the implant (between the 5th and 6th threads, counted 

from the top) and also towards the top of the implant between the 1st and 2nd threads.  

3. Results 



 

Figure 4 High speed image stills from cavitation applied at medium power, the red circles 
show areas of biofilm disruption. 



 

Figure 5 High speed image still from cavitation applied at maximum power, the red circles 
show areas of biofilm disruption. 



 

Figure 6 (a, b) implant before and after cleaning at medium power for 2 s. (c, d) implant 
after cleaning at high power for 2 s 

 

Figure 7 Biofilm surface area remaining on dental implants after 2s treatment with 
cavitation from an ultrasonic scaler n =5, p<0.02 (t-test) 

 

Biofilm was removed from parts of the dental implants using cavitation from an ultrasonic 

scaler (Figure 13, Figure 14). High speed imaging showed that the majority of biofilm 

disruption occurred in the first 0.5 s (Figure 13, Figure 14). Cavitation bubbles were inertial, 

causing chaotic oscillations where the bubble collapsed and reformed continuously. Biofilm 

was removed from the implant threads by these oscillating cavitation bubbles (Figure 17). At 



power 10 small cavitation bubbles between 20-50µm in diameter appeared to be seen on 

the implant surface (supplementary video). Larger bubble clusters were also seen with 

diameters between 100-200 µm. At maximum power these bubble clusters were larger, 

with diameters between 200-500µm (Figure 17). The implant grooves were evenly spaced, 

but bacterial biofilm formed irregularly on the implants, either in between the grooves or on 

raised surfaces. In some cases the biofilm formed in clusters with loosely attached biofilm 

streamers, whereas in other cases it formed in thin, long strips running parallel to the 

implant threads (supplementary videos). Both types of biofilm were removed via cavitation, 

although only in certain locations on the implant. 

 

Figure 8 Stills from a high speed video showing a close up of the implant threads with 
stained biofilms (black) (left). (right) after 0.5 s most of the biofilm is removed. 
Cavitation bubble clusters can be seen in between the implant threads, circled in 
red. See supplementary video 

 

At high power, the cavitation bubbles were active in a larger area around the tip, both 

parallel and perpendicular to the tip, therefore more biofilm was removed when the tip was 

operated at high power compared to medium power (Figure 15, Figure 16). At both power 

settings, most of the biofilm at the apex of the implant, vertically below the free end of the 

scaler tip, was not removed (Figure 13, Figure 14). At both power settings biofilm was 

removed perpendicular to the tip, and mainly towards the free end of the tip. At high 




















