Changes to be made by the Author(s) regarding the written manuscript:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
We have proofread the manuscript.

2. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material.
We have updated the materials table accordingly

3. Please specify all experimental parameters used. We need specific values and numbers instead of references to the desired settings. This is to help others replicate the protocol exactly.
[bookmark: _GoBack]All experimental parameters have been specified
4. Please move the macro code to a separate supplemental file.
We have moved the macro code to a supplemental macro file which can be opened in Fiji/ImageJ.

5. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
Commercial names have been removed from the manuscript


Changes to be made by the Author(s) regarding the video:
1. Video & Audio Quality:
• There is a persistent green block at the top of the screen throughout. Perhaps this is some kind of video rendering glitch? It will need to be fixed before publishing. Try a different video codec such as h264.
This has been changed.
• There is a regular beep tone in the background. This should be removed. If it's an audio watermark (copyright protection in a music track), then purchase the license to the track so that the watermark is removed.
This has been changed.

2. JoVE Video Format:
• The video has no chapter title cards. Please add chapter title cards for the beginning of the protocol, any individual sections of the protocol, the results (03:45), and the conclusion (04:07).
Title cards have been added.
• 03:08-03:26 Place this statement by Nina near the end with the concluding statements by Damien (currently starting around 04:07).
3.
This has been changed.

Please upload a revised high-resolution video here:
https://www.dropbox.com/request/cVdPEoUGhYjJeE2vt3rP?oref=e

We have made the changes to the video.
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The experimental protocol presented in the manuscript "Imaging and Quantification of the Area of Fast Moving Microbubbles Using a High Speed Camera and Image Analysis" and the corresponding video by N. Vyas et al. includes a method to image fast cavitation bubble phenomena occurring around dental ultrasonic scalers as well as an image processing technique to extract the projected area of theses cavitation bubbles. It describes how to set up the high-speed imaging experiment with the camera and a zoom lens, translation stages, appropriate calibration and experimental procedure. The image analysis method describes how to calculate the area of the cavitation bubbles from a binarised image sequence obtained in the experiments, using the open-source ImageJ software and appropriate thresholding and reference subtraction.

Despite the experimental protocol and especially the image analysis method being very simple, the measurement instruments used (high-speed camera, zoom lens, and illumination) are sophisticated and not trivial to use for non-experts. I think the video was very well made and the explanations it contained were clear, and therefore has a potential to be useful as an introduction for other researchers to replicate such an experiment.

[bookmark: _Hlk43713871]Minor Concerns:
1. The effect of the scaler oscillations on its subtraction from the images in the authors' experiments was not clear. They mentioned that a whole reference video, instead of just a single still picture (which would work if the object was stationary), was subtracted from the "cavitation" video. The authors mention that "The error can also be eliminated by synchronizing the oscillations of the scaler in both videos before subtracting" - so was this what the authors did in the presented results? Would it be accurate to assume that the oscillations correspond well to each other in these two measurements? And how about if the cavitation bubbles affected the motion of the object: would there be a reliable way to remove the scaler area in this case? Are there techniques to distinguish bubbles from objects that move in an unpredictable way?
With regards to this question: And how about if the cavitation bubbles affected the motion of the object: would there be a reliable way to remove the scaler area in this case? Are there techniques to distinguish bubbles from objects that move in an unpredictable way?
The cavitation bubbles would not affect the movement of the ultrasonic scaler tip. If in other studies they affected it, then it might not be possible to use this subtraction technique and therefore other image analysis methods such as machine learning could be used, we have mentioned some more techniques in the discussion section. 
We have clarified the first point in the manuscript:
For studies where the moving object to be subtracted has a much higher variance, we recommend to synchronise the movements in both videos before subtracting for accurate results. In the current study we did not synchronise the oscillations but since the vibration was low, we can assume that the oscillations correspond well to each other in these two measurements.

2. "It is difficult to compare this method with other methods as they have different applications": extracting bubbles of images in multi-phase flows (bubble flows, droplet sprays, etc.) is a widely used process that can be generalised to a wide range of applications. This method is not so different
We thank the reviewer for this comment. We have changed the text to this:
Image analysis has been used for many other bubble imaging studies. These also use a similar method of backlighting to get optimum contrast between the bubbles and the background, and thresholding to segment the bubbles. The method shown in the current study can also be generalised to use for many different bubble imaging applications, which are not limited to only high speed imaging.

3. "Image analysis has been used in other studies to gather more information about bubbles although these studies have not used high speed imaging with a zoom lens." I do not quite believe this sentence. There are many studies applying various image analysis techniques to quantify cavitation bubble formation and behaviour at micro-scale.
We thank the reviewer for pointing this out. We have removed this sentence.

4. "If it is not possible to obtain a uniform background during imaging, the imaging and image analysis technique used in Vyas et al. [23] can be used." There are many more sophisticated image processing techniques beyond thresholding that can get rid of/smoothen out background noise or perturbations before having to rely on learning-based techniques. I recommend mentioning some.
5. Figure 5 should include 10P ultrasonic scaler as a label below the second bar

We thank the reviewer for this comment. We have changed this to the following:
If it is not possible to obtain a uniform background during imaging, other image processing techniques can be used such as the use of background subtraction using a rolling ball radius to correct for uneven illumination, filtering using median or gaussian filters to remove noise, or also using machine learning based techniques. 

Reviewer #2:
Manuscript Summary:
This article presented a method for imaging the cavitation bubble around dental ultrasonic scaler tips using high speed camera and zoom lens. Also this article presented calculated cavitation bubble area using image analysis software.

Major Concerns:
1. Instrument Setup, High Speed Camera Setup, I think it would be hard to understand if you just read it, so I hope you have a diagram that you can understand at a glance.
We thank the reviewer for this suggestion. We have added a new figure of the experimental setup and labelled it to help the reader understand it at a glance.

2. Image Processing part will eventually be the part where you calculate the area by dividing the filming part into two white/black colors, and it will be good to understand if you show the still cut process in the image picture.
We were not sure exactly what the reviewer meant by showing the still cut process, we assume they would like to show the image analysis steps in more detail. We have therefore redrawn and labelled the image analysis diagram to clarify.

3. Describe the detailed characteristics of Cavitron FSI tip and Satelec 10 P tip, which are different alternative scaler tip, and describe the reason for the difference in the culture area in discussion.

We have added the following in the discussion:
In this study we demonstrated the technique by imaging cavitation around two different dental ultrasonic scaler tips. The amount of cavitation varies between the two tips tested in this study, with more cavitation clouds observed around the free end of tip 10P. This has previously been linked to vibration amplitude19. The high speed videos show that the FSI 1000 tip has less vibration, which is likely to be why there is less cavitation around this tip.

Reviewer #3:
Manuscript Summary:
The topic is highly relevant and is well explained.
I do have a couple of suggestions before it is published.

Major Concerns:
In the abstract,
The authors say: "Cavitation occurring around dental ultrasonic scalers could be used as a novel method of dental plaque removal, which would be more effective and cause less damage than current periodontal therapy techniques"

I think there are several examples that have demonstrated it, in the scientific literature and commercially available equipment: so the "coulds" and "woulds" can be changed to "can" etc.
For example, a very similar study:
Macedo, R. G., et al. "Sonochemical and high-speed optical characterization of cavitation generated by an ultrasonically oscillating dental file in root canal models." Ultrasonics sonochemistry 21.1 (2014): 324-335.
We thank the reviewer for this point and we have cited this paper and changed this in the manuscript.

This statement could be improved in line with Macedo's work:
"Therefore, it is not able to accurately determine exactly where it happens on the instrument, and also no information can be gained on the bubble dynamics."

We have added the following to this statement, citing Macedo’s work:
Therefore, it is not able to accurately determine exactly where it happens on the instrument, and also no information can be gained on the bubble dynamics, unless it is combined with other imaging techniques.

Introduction:
"The purpose of imaging bubbles is to understand more about the bubble dynamics."
This statement needs clarification in line with what is described in this report.
Their method cannot really say much about the dynamic of individual bubbles; it is more about a cloud of bubbles, and they tend to overlap.
Thank you for this point. Our method could be applied to individual bubble experiments, so we have changed this to:
The purpose of imaging bubbles is to understand more about the bubble dynamics in the case of individual bubbles, or about the direction and motion of a cloud of bubbles.

In line with the previous paragraph, the authors should also make a distinction with bright and dark field illumination, and provide other experimental method examples to contrast the differences of each method, advantages-disadvantages.
They can use for example:
Rivas, D.F., et al., 2013. Ultrasound artificially nucleated bubbles and their sonochemical radical production. Ultrasonics sonochemistry, 20(1), pp.510-524.

We thank the reviewer for this point. We have added the following:
Similar experimental approaches have been used in other studies for imaging bubbles with a high speed camera, for example Rivas et al and Macedo et al used a high speed camera attached to a microscope, with illumination provided by a cold light source, to image cleaning with cavitation, and to image cavitation around an endodontic file. Bright field illumination provides more contrast between the background and the bubbles, making it possible to use simple segmentation techniques such as thresholding, as demonstrated by Rivas et al. for imaging and quantifying cavitation erosion and cleaning over time. Dark field illumination makes thresholding more difficult due to the higher variation in grey scales.

Page 8, line 291: I think the comment that zoom lens is used for the first time is superfluous.
"Image analysis has been used in other studies to gather more information about bubbles although these studies have not used high speed imaging with a zoom lens1,2."
We thank the reviewers for pointing this out and we have removed this comment. 
