		7th April 2020
School of Chemical Engineering,
University of Birmingham,
Edgbaston, 
B15 2TT, UK

Dear Dr Bajaj,

Thank you for your email, we are delighted that our manuscript “The Quantification of Injectability by Mechanical Testing” has been recommended for publication in JoVE following revisions. We have carefully reviewed and fully addressed the reviewer’s comments, and altered the manuscript accordingly, using tracked changes to show these. Point by point responses are given below.

We hope that this revised version is now suitable for publication, and we look forward to hearing from you.

Yours sincerely,
[bookmark: _GoBack]
Mr Thomas E Robinson and Dr Sophie C Cox

Editorial comments:
Changes to be made by the Author(s):

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. Please use American English throughout.

We have proofread the manuscript.

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points

We have formatted the manuscript into the JoVE template style.

3. Please check with your funding source regarding PMC deposition. We do not deposit articles into PubMed Central on behalf of the authors. However, authors can self-deposit into PMC if required by their funding source.

We have noted this.

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”

We have rephrased the summary to fit this description:
‘Presented here is a protocol for quantitatively evaluating the injectability of a material through a syringe-needle system using a standard mechanical testing rig.’

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”

All text is in the imperative tense and in complete sentences.

6. The Protocol should contain only action items that direct the reader to do something.

All actions contain precise instructions.

7. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections.

Steps are discrete and there are no large paragraphs.

8. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.
Each step contains a maximum of 3 actions

9. Please ensure you answer the “how” question, i.e., how is the step performed?

Added phrases to instructions 2.3, 2.4.1, 4.6, 4.7, and 4.8 to make these steps more clear

10. 1.1. To make this a stand-alone protocol, please include how samples are prepared? Please include what kind of sample, concentration, and other relevant details.

We have added examples of how to prepare a formulation for a pre-loaded syringe:
‘1.1.2 For example, to prepare 2% alginate solutions, dissolve 2 g of alginic acid sodium salt in 100 mL of deionized water, by stirring at room temperature. Aspirate the solution into 5 mL syringes, and store for 24 hours at room temperature before testing.’

As well as a formulation to be prepared directly before application:
‘1.1.4 For example, to prepare calcium sulphate cement, manually mix 4 g of calcium sulphate hemihydrate into 5 mL of deionized water with a spatula for 1 minute. Remove the plunger from the syringe, and load the cement into the syringe barrel with the spatula. Begin the mechanical testing after 4 minutes.’

11. 2.2, 2.2: Are these done manually?

Yes, this is physical set up of the machine, we have added ‘Manually’ to instruction 2.2 to make this more clear.

12. 2.4: Please include how each step is performed. Please include button clicks in the software, knob turns etc.

We have included an ‘open the test wizard’ step into 2.4.1., the remaining steps in this section are selections and numbers to be typed into this window in the software

13. 4: Where is the injection being performed? Please include all details associated with your experiment.

The injection is performed by the mechanical tester; the clamps are set up between the crosshead and the base plate, as per Figure 1A. We have added an extra line in the protocol (3.5) to make this clearer.

14. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.

The highlighted section is less than 2.75 pages

15. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

Document has been uploaded

16. Please write the result section in a paragraph style only.

Changed the numbered section to a paragraph style

17. How do you generate the sample curves? Please include the details in the protocol

Curves are generated by plotting the results with displacement on the x-axis and force on the y-axis (Step 5.5)

18. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique

The discussion contains all of these elements.

19. Please do not abbreviate the journal titles in the references section.

We have changed the citation style for full journal names

20. 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 table in alphabetical order.

We have updated the table with all necessary information


Reviewer #1: 
Manuscript Summary:
This paper reports on a protocol for evaluating the injectability of injectable biomaterials using a standard mechanical tester.

We thank reviewer 1 for their time and effort in reviewing our manuscript.

Major Concerns:
The methods for testing injectability of injectable biomaterials have been extensively reported (Ref. 18-24 in the paper). The protocol provided in this paper does not show any advancement, compared with that reported by other researchers. The protocol does not address any weakness of testing methods for injectability either.

We do not claim to report a new protocol in this manuscript. To be clear, the focus of this article is to explain this widely used methodology in an unprecedented level of detail, something not found in biomaterials literature. Further novelty is also achieved through discussing the advantages of this methodology compared to other characterisation methods, such as rotational rheology and pressure transducers. Finally, it is notable that we have suggest various experimental modifications and make recommendation on what conclusions may be drawn from the data generated. We therefore believe that this manuscript will be extremely useful to the biomaterial’s community, especially to those new to injectability from non-engineering backgrounds. 

We agree with the reviewer that we have not sufficiently highlighted the limitations of this protocol, and to address this have added the following paragraph to the end of the discussion:
‘The main limitation of this protocol is that a universal mechanical tester is required. While these are common in materials testing labs, they are expensive to purchase if the user cannot access one. Further, the mechanical tester provides uniaxial compression at either a set force or rate of displacement, whereas the applied force and injection speed may vary over the course of injection by hand. This protocol is also unsuitable for replicating some real world injections, such as injections into complex tissues in theatre, or injecting at different angles. To quantify the force of injection in the clinic, force and displacement transducers may be a better method.’

Minor Concerns:
The clamps are inconvenient to operate and not easy to ensure precise fixation of syringe.

We agree that the setting up and alignment of the clamps is perhaps the most challenging part of this protocol, and requires some iteration. We have therefore added a note into the protocol:
‘NOTE: Alignment of the clamp grips with each other and the center of the crosshead may take some time and iteration to achieve, but is important to acquire high quality data.’
However, once aligned, syringes can be placed in and removed from the clamps without upsetting their aligned position. We have found little difficulty using clamps for this protocol, and have described a protocol using clamps because they are ubiquitous in many laboratories. However, one could conceive of a bespoke 3D printed construct to hold the syringe, which would remove the iterative steps to set up the clamps and immediately achieve a right angle. We have added a sentence to this effect in line 281 of the discussion:
‘The clamp system may be replaced with a bespoke 3D printed construct to hold the syringe, which may make it easier to ensure the syringe and plunger are perpendicular to the crosshead, and the syringe held securely.’
Reviewer #2:
Manuscript Summary:
Robinson et al. describe how to utilise a mechanical tester to measure force required to compress a syringe plunger at a set rate for the assessment of injectability of biomaterials for clinical applications. The manuscript is well written and easy to follow.

We thank reviewer 2 for their time and effort in reviewing this manuscript, and for their kind commendations.

Major Concerns:
1. "Using a mechanical tester produces a reliable extrusion rate equally over the plunger, which may be difficult to achieve with a syringe pump, especially for viscous formulations or those with time dependent properties." This is emphasized throughout the paper but it is unclear why this is, especially for a reader with a limited engineering background. What is the difference in the mechanics of a mechanical testing rig versus a modern syringe pump, given that a syringe pump also places a specific force on the plunger to achieve a certain flow rate, and are accurate enough to use for drug dispensing applications?

We agree with the reviewer that we have stated this without sufficient explanation. The concern we are trying to convey is that syringe pumps are designed for delivery of aqueous drug solutions, which have the same material properties as water, and therefore may not be designed with sufficient torque to extrude viscous or semi-solid materials at a reliable rate, especially if the material is hardening as in a setting cement. However, we agree that this statement as written is too vague, and somewhat based on our experience – some syringe pumps may indeed possess sufficient mechanics for this purpose. We have therefore changed line 90 to:
‘Further, a syringe pump may not possess sufficient torque to compress the plunger at a precise rate if high forces are required to extrude viscous or semi-solid materials.’
And line 109 to:
‘Using a mechanical tester produces a reliable extrusion rate equally over the plunger, which is particularly advantageous for viscous formulations or those with time dependent properties.’

2. "any syringe size, needle gauge and material can be used" is a very broad claim. It's not mentioned if this protocol has been carried out for a range of syringe sizes and needle gauges - if so what is the specific range that this protocol has been verified for?

Our group has used this protocol mainly for syringes between 1 and 5 ml, and 19 – 30G needles, and other studies (citations 18 – 24) have used similar procedures for up to 10 ml syringes and 10G needles, though the 1 – 5 ml range is most common. However, there is no reason that a larger syringe could not be used, the clamps would simply have to be widened to accommodate it. Only in the case of uncommonly large syringes would this be an issue, if the clamps could not be widened further. We have therefore added a caveat to this statement:
‘This protocol is highly versatile; any material, needle gauge and syringe size can be used, provided the syringe can be accommodated by the clamps. This has been verified in this protocol for syringes up to 10 ml.’
We are certainly not suggesting that any combination of material, syringe and needle will be injectable, but believe that they could be tested in this protocol.


3. "requires minimal post processing to obtain key values" - The graphs in Fig 1 are very useful for the reader to understand what results will look like, but no calculations, equations..etc. There is no information on post-processing required to achieve a quantification of injectability as the title states, i.e. values. This is needed to understand how this protocol is any better than all the other methods detailed in the introduction, especially that all these methods give a quantification of material properties that contribute to injectability. Discussion states that the forces can then give an 'indication' of ease of injectability - this is different to what the title of the manuscript states, and clarification is needed as to why is this any better than other methods.

The only post processing required is to read the max or plateau force from the graph, we have mentioned this in the discussion, but have added it as a step in the protocol for added clarity:
‘5.3	 Read the maximum force (if it exists) and plateau force from the graphs.’
This gives a number for injectability, and is therefore quantitative, rather than qualitative. If the user wishes to know whether their formulation is injectable by hand, they are directed to reference 8, where a correlation between the force values generated by this protocol and ease of injectability, i.e. easy, difficult but possible, uninjectable, exists. However, we consider this step to be outside the scope of this protocol, because there are several other ways of interpreting the force data, as outlined in paragraph 3 of the discussion. It is not the fact that this protocol generates a number that is uniquely advantageous; it is that this number is directly related to injectability, whereas rheological and material properties are not. 


Minor Concerns:
Add a caution about sharps injuries if used with materials mixed with cells.

We thank the reviewer for highlighting this important safety concern, we have added a caution:
‘If the material contains cells or other biological materials, extra care should be taken to prevent sharps injuries.’ to line 138 in the protocol.



Reviewer #3: 
Manuscript Summary:
The article deals with injectable biocements, which are important for the minimally invasive delivery to bone defects. However, it is currently difficult to assume the injectability of such cement pastes since no objective test methods are existing. The manuscript describes an experimental approach to test cement viscosity by a standardized test protocol. The method is in my view very well structured and will definitely result in a testing regime, which can be reproduced by other researches working with the injectable materials.

We thank reviewer 3 for their time and effort in reviewing this manuscript, and for their positive comment on our work.

Major Concerns
none

Minor Concerns:
I would only recommend adding some comments on the type of syringe used for the experiment, e.g. syringes may have either central outlets or outlets located more on the edge. This may have an effect on injectability (especially for cement pastes) and should be mentioned and considered for the experiment.

We agree with the reviewer, and indeed syringes with non-central outlets require larger forces for extrusion, a factor not captured by rotational rheology. We have therefore added a specific comment to this effect in line 75 of the introduction:
‘However, this equation does not account for the conical end of the syringe or any other geometries, such as off-centre outlets’
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