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Dear editor of Journal of Visualized Experiments,

Thank you for your action letter and the opportunity to resubmit our manuscript with revised title “Investigating pain-related avoidance behavior using a robotic arm-reaching paradigm”. 

My co-authors and I are pleased that the procedure described in our manuscript has been considered an interesting possible addition to Journal of Visualized Experiments. We would like to thank you and the anonymous reviewers for the elaborate reading, and helpful comments and suggestions to improve our manuscript. We have revised our manuscript accordingly. Attached to this letter, we give a detailed description of how we addressed each of the issues raised by the reviewers. The corrections are indicated using track changes in the manuscript. 

We believe that this manuscript has been considerably improved due to the changes made based on recommendations from the reviewers and hope that it merits acceptance in Journal of Visualized Experiments. Thank you for your consideration. 

Sincerely,
On behalf of all co-authors,
Ann Meulders

Experimental Health Psychology
Department of Clinical Psychological Science
Maastricht University
Universiteitssingel 40
6229 ER, Maastricht, The Netherlands
E-mail: ann.meulders@kuleuven.be


Revision manuscript JoVE61717 – Rebuttal letter 
Investigating pain-related avoidance behavior using a robotic arm-reaching paradigm
Eveliina Glogan, Rena Gatzounis, Kristof Vandael, Mathijs Franssen, Johan W.S. Vlaeyen, & Ann Meulders
Editorial comments:

You will find Editorial comments and Peer-Review comments listed below. Please read this entire email before making edits to your manuscript.
NOTE: Please include a line-by-line response to each of the editorial and reviewer comments in the form of a letter along with the resubmission.
We have addressed all Peer-Review comments.

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
We have thoroughly proofread the manuscript. 

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
We believe the protocol section of our manuscript includes all relevant information.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
We believe our discussion covers the relevant points. 

• References: Please spell out journal names.
We have edited the references accordingly. 

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
We provide official licenses for, and cite all re-used material. 

Reviewers’ comments:

Reviewer #1:
Manuscript Summary:
In this study, the authors proposed a novel paradigm to investigate pain-related avoidance. The manuscript narrative is well conducted to describe current methods to investigate pain-related avoidance and its limitations, as well as the need of a novel and more ecological paradigm to investigate pain-related avoidance. The protocol is well described and there is substantial work conducted by the research group using the novel paradigm.
We thank the reviewer for his/her overall positive assessment of our manuscript.

Major Concerns:
There are no major concerns in my opinion.

Minor Concerns:
One minor concern is, indeed, the fact that the paradigm is not easily accessible to other laboratories. Although this might be a strong barrier for its massification and implementation by other laboratories, I reckon that this should not interfere with the publication of the paradigm protocol.
We agree that this is a considerable limitation to the method, and have added text to stress this point to lines 508-512 on page 11 of the manuscript: “For example, the paradigm is not easily transferable to other laboratories, as the equipment used in, and required for the paradigm (e.g. robot and constant current stimulator) are expensive, limiting the widespread use of the paradigm and its implementation by other laboratories. However, note that similar robots which are relatively common in rehabilitation clinics, can be programmed in a similar way and more affordable constant current stimulators are available as well.” 

Reviewer #2:
Manuscript Summary:
This is a well-written manuscript describing an innovative paradigm used to investigate fear and avoidance of pain. The background literature and key concepts are well defined and clearly laid out. The strengths and limitations of the protocol are described, and the protocol has much to commend it.
We thank the reviewer for his/her overall positive assessment of our manuscript.

Major Concerns:
None
Minor Concerns:
The equipment is rather expensive; not just the robot, but even the stimulator. Given that many labs won't have access to the same technical equipment and may use other brands of stimulators, the sequence of shock mA levels given should be prefaced as applying only to the Digitimer equipment.
We thank the reviewer for pointing out this limitation. We did not add this information before due to the “Instructions to authors” stating that company brand names should be cited in the Materials table only. However, given that the calibration procedure is indeed specific to the Digitimer constant current stimulator, we have specified the type of stimulator in the description of the calibration procedure on lines 234-235 on page 5: “Use the following order of stimulus presentations in mA (sequence is specific to Digitimer constant current stimulators): 1, 2, 4, 6, 8, 11, 14, 17, 20, 24, 28, 32, 36, 40, 44, 48, 52 etc.” See also reply to Reviewer #1. 

Reviewer #3:
This is very detailed description of the interesting methodology to study pain behaviour in the lab setting. I very like the whole research line, as indeed, it has led to the confirmation of some behavioral concepts previously studied in animals, e.g. acquisition, stimulus generalization, extinction. Authors developed that methodology in the seminal work by Meulders et al. from 2016 and are still continuing exploring pain mechanisms based on behavioral principles. I have some comments that authors should consider prior to publication and recording the video for the JoVE journal.
We thank the reviewer for his/her overall positive assessment of our manuscript.

1. A general comment on this manuscript relates to the target group of readers: Do authors want they work to be adopted by researchers from other fields? If so, then the introduction and the way concepts are written should be less „behavioral". Probably, starting from the operant conditioning in a real-life situation (not related to pain) would be a good commencement.
We agree that expanding the use of the paradigm to other fields is an interesting prospect. However, the paradigm is specifically developed for investigating fear and avoidance in the context of movement, which is particularly relevant to musculoskeletal pain. Furthermore, all experiments performed with the paradigm so far have investigated pain-related avoidance. Therefore, given that the focus of the manuscript should be on the specific method and the results it has produced in the past, we have not deemed it necessary to give an overview of how the paradigm could be of relevance for the broader avoidance literature. 
However, as we mention on lines 493-496 on page 11 in the discussion of the manuscript, “given that physically moving away from an aversive stimulus represents a species-specific defensive response2, not unique to fear and pain, this type of operationalization of avoidance permits investigation of many different types of avoidance as well. For example, the paradigm can potentially be applied to examine, not only avoidance of painful stimuli, but also avoidance of other types of aversive stimuli, such as those inducing disgust or embarrassment.3,4” 
We do not entirely understand the reviewer’s suggestion to make the introduction less “behavioral”, as the described method is in essence a paradigm for conditioning avoidance behavior. Making the introduction and manuscript less behavioral, would only be possible by moving away from the avoidance aspect. Furthermore, starting the manuscript with a real-life operant conditioning situation would also not make the introduction less behavioral. We apologize to the reviewer for not being more responsive to this comment.
2. Title: Is it a novel procedure? Authors did plenty of studies (starting from 2016) using this methodology so it is not novel anymore. „Novel" should be deleted.
We have deleted the word “novel” from the title. 

3. Keywords: What is recommended is to avoid redundancy in terms used in titles and keywords. Databases always are searched according to the words in the title. Keywords can be used as an additional chance for paper to be found by others while searching engines. I would consider adding other terms, and delete redundant.
We have updated the keywords to: “Chronic pain, fear, acquisition, generalization, extinction, response-prevention, associative learning, instrumental conditioning, robotic arm-reaching paradigm”

4. Introduction: -86: if authors introduce the classical conditioning terminology they should complete operative definitions: UR is missing. Citations to reference [14] (BF Skinner's book) is not specific, please, cite his original work and others' relevant.
We have changed the text on lines 84-88 on page 2 to: “During differential Pavlovian conditioning, a neutral stimulus (conditioned stimulus, CS+; e.g. a circle) is paired with an intrinsically aversive stimulus (unconditioned stimulus, US; e.g. an electric shock), which naturally produces unconditioned responses (URs, e.g. fear). A second control stimulus is never paired with the US (CS-; e.g. a triangle). Following repeated pairings of the CSs with the US, the CS+ will elicit fear in its own right (conditioned responses, CRs) in the absence of the US. The CS- comes to signal safety, and will not trigger CRs. ”
Furthermore, we have specified the references to Skinner’s “Science and human behavior”, by citing the specific chapters in which the referenced concepts (operant conditioning5, negative reinforcement6, and discriminative stimuli7) are introduced. We have also added a reference to Thorndike’s “Animal intelligence: An experimental study of the associative processes in animals”8, as an additional relevant reference.    

5. -122: „Avoidance behavior is operationalized as the maximum deviation from the shortest trajectory (T1) on each trial, and is therefore a continuous, rather than a dichotomous measure" - it is not entirely correct if one may choose only between three „gates". Furthermore, even though the movement itself might be considered „continuous", it still limited by the space associated with the gates. I would soften this sentence.
We should note that, although arches delineate the movement trajectories, each of these arches has a width of 7cm. Thus, each coordinate within the 7cm can be an outcome value of maximum deviation for a given trial. Therefore, even if participants move through the same arch, they do not necessarily have the same maximum deviation score. Therefore, we think it is fair to say that it concerns a continuous measure.
We have edited the sentence on lines 121-123 on page 3 to read: “Avoidance behavior is operationalized as the maximum deviation from the shortest trajectory (T1) on each trial, which is a more continuous measure of avoidance, than for example pressing or not pressing a button”.
6. -126: Were there any physiological changes reported previously in the robotic paradigm, too? If so, please refer the reader to these findings, too. 
We have recently collected psychophysiological measures of fear by means of the eye-blink startle response and EEG. These studies have not been published yet, and therefore these measures were not included in the introduction. However, we do refer to these studies on lines 498-499 on page 11 in the discussion.  
7. -156: As a clinician, I would say it is important to do feared movements in the way they do not elicit/enhance pain. This is important for fear extinction, isn't?
Exposure to feared movements is indeed key to exposure therapy for chronic pain in the clinic. However, we would like to note that our lab model of extinction with response prevention is of course  simplified, and thus does not encompass the complex fears and catastrophes, which chronic pain patients are trying to avoid. Indeed, although pain is the feared outcome in the experiments described in the manuscript, in chronic pain, pain itself is not always the (only) feared stimulus. Instead, patients may fear that movements and activities will worsen their pain causing harm. Thus, in chronic pain, successful exposure can take place also if pain initially increases, but does not result in the expected harm (i.e. exposure then entails expectancy violation9,10 of harm rather than pain itself).11 
We have changed the text on lines 155-158 on page 3 to: “During exposure for chronic pain, patients perform feared activities or movements in order to disconfirm catastrophic beliefs and expectations of harm11,12. Since these beliefs and expectations do not necessarily concern pain per se, but rather underlying pathology, movements are not always carried out pain-free in the clinic11.” 
8. Ethics: Please refer to the document's numbers and dates.
We have added the registration numbers of the relevant ethical approvals on rows 178-180.

9. Protocol: -207: „wrist, elbow or shoulder that may hinder performing the reaching task" - This is not specific, I would say that participants with limited range of motion in the upper extremity could not be able to the reaching task. Furthermore, what about screening if the movement per se is painful for some participants? I would add this as exclusion criterium.
The exclusion criteria listed in the manuscript were used in the reported studies and approved by the ethical committees of the respective universities. Therefore, we think it is inappropriate to report them differently in the current manuscript. We do thank the reviewer for the suggestion and will consider changing and specifying the exclusion criteria for future research in healthy samples. In addition, when recruiting chronic pain patients, we will of course reconsider the exclusion criteria with the specific pain conditions in mind. We have added specification to healthy participants to line 210 on page 5. 

10. 3.2: What kind of electrodes? What about equipment being used? Some technical details are missing, unless data in Table 1 includes everything? I think, if other groups would like to replicate the method, everything should be described. Is calibration done automatically, or manually? Which software is used to generate stimuli?
All equipment and software used in the current experiments are described in the Materials table, as advised in the “Instructions to authors”. We assume that by “Which software is used to generate stimuli?” the reviewer is referring to the electrical stimuli. 
Calibration of the pain stimulus is done manually, as specified in point 4.1 on page 5 in the manuscript. Specifically, the intensity of the pain stimulus is manually increased and the pain stimuli are manually triggered by the experimenter, using the constant current stimulator. Therefore, no software is used to generate the electrical stimuli during calibration of the stimulus. We have edited the sentence on lines 230-231 on page 5 to read: “During the pain calibration procedure, manually increase the intensity of the pain stimuli, and trigger the constant current stimulator to deliver the pain stimuli, one stimulus at a time.”
During the experiment, the electrical stimuli are triggered through the experimental script, which is written in the programming language C#. Furthermore, the script is run with the cross-platform game engine Unity 2017 (Unity Technologies, San Francisco, CA, USA). We have specified this in the Materials table, in the “Comments/Description” column of the C# and Unity 2017 rows. Furthermore, we have added a note to line 260 on page 6 to clarify this: “NOTE: The presentation of pain stimuli takes place via the experimental script.”

11. -250: Is there any test for linear increase of the resistance one must perform prior to the experiment? I do not fully agree with the linearity assumption: Once you linearly increase the resistance while subject is reaching arm further, you increased the arm lever. If this is the case, less force is required to perform the movement (torque). This violates crucial trade-off assumption. Yet, this depends on the muscle group being involved in the movement. Has the method and movement trajectories been validated biomechanically, or at least, subjectively? 
A variety of haptic effects can be created using the programming interface of the HapticMaster (HM). One of these includes adding the effect of a spring13,14. This was used to create the resistance of the robotic arm in the current paradigm. Thus, the further the (sensor of the) arm is moved laterally, the harder the spring will pull in the opposite direction, thus increasing the force needed to perform the furthest movement. We have validated this subjectively with the exit questionnaire, in which participants are asked to post-experimentally report which movements they believed were paired with the strongest and lowest resistance. Participants generally report T1/G1 as being paired with the lowest resistance, and T3/G3 as being paired with the strongest resistance (see fig. 1 below), providing subjective validation of the effort. 
Furthermore, the HM tracks the force used during each trial, at a 20ms precision. We have visualized the force used by an exemplary participant during one trial, in which the participant performs G3 (the furthest possible movement trajectory), in figure 2 below. During a G3 movement, participants move from the left of the movement plane to the right of the movement plane. Thus, force increases linearly when moving to the right. The width of the movement depicted in figure 2 is approximately 35cm (the width of the entire movement plain is 41cm and the width of each trajectory arch is approx. 7cm). After reaching G3, the participant moves back to the target, which is situated at the upper left corner of the movement plain. Thus, we can see that the force first linearly increases when moving to the right, after which it decreases, due to the participant moving from right to left to reach the target, meaning that the pull of the spring decreases. 
Figure 1. Responses to the exit questionnaire of Glogan et al.1 The question inquired which movement trajectory (T1-3 during acquisition; G1-3 during generalization) is paired with the lowest (grey) and strongest (black) resistance. The graph shows responses collected from all tested participants in Glogan et al.1Thus, between 50 and 53 participants out of 64 reported T1/G1 being paired with the lowest and T3/G3 with the strongest resistance.  

   


Figure 2. Force used by an exemplary participant during one trial of the robotic arm-reaching task. During the depicted trial, the participant chose the most effortful movement (G3). Thus, 0 on the x-axis represents the participant being at the left-most side of the movement plane, and 4 represents the right-most side of the movement plane. 
12. I think control group without painful stimuli solves this problem.
We agree that having a safe control group could be interesting. In fact, we have found similar effects to those reported in the current manuscript, in a study where a safe context is used as a control (not published yet). See also last paragraph of response to comment 18. 
13. Is there any calibration protocol for the robotic-arm (device calibration) which one must perform?
1.1. The robot is switched OFF after each test day and is recalibrated once switched ON at the beginning of each test day. We have added this information to lines 187-188 on page 4 (step 1.2.): “Recalibrate the robotic arm before each test day. This is done via a direct application programming interface (API) connection with the robotic arm (specific to the HapticMaster), and only needs to be done once, at the beginning of the test day.” 

14. 5.5.1: Yoked procedure should be referenced throughout the manuscript as, I guess, it is not common in typical pain experiments. 
We have added references to Davis & Bitterman (1971) to lines 288, 305, 348, 358, 408 and 416, as well as to the footnote on page 3. 
15. Can you elaborate how the randomization schedule is maintained if the methodology requires assessment of experimental group first? 
Randomization can be achieved using a randomization schedule based on the rule that the first participant must be in the Experimental Group. Following this, participants are assigned to either group randomly, as long as the number of Experimental Group participants exceeds the number of Yoked Group participants. The reason for this is that, the data from each Experimental Group participant is used to correctly time the presentation of pain stimuli for their Yoked Group counterpart. For this, we have used a MATLAB (MathWorks, Natick, MA, US) script. This information has been added to lines 289-291 on page 6 in the manuscript (“Randomization is achieved using a randomization schedule based on the rule that the first participant must be in the Experimental Group. Following this, participants are assigned to either group randomly, as long as the number of Experimental Group participants exceeds the number of Yoked Group participants.”), and to the Materials table in the “Comments/Description” column of the “Matlab” row. 
16. It is not clear form me, if the authors perform resistance calibration. Is the MVC or similar parameter determined? Or is the resistance fixed?
There are of course differences in the arm strength of participants, which can be measured as a potential covariate, as was done in Meulders et al.15 where arm extension force was measured and the resistance calibrated. 
However, given that we are interested in mechanisms of avoidance learning, what is most important is that the urge to avoid pain is greater than the urge to avoid the resistance, but that the resistance is aversive enough to motivate avoidance when pain is unpredictable or cannot be avoided (like in the yoked group). 
Therefore, when we realized in later experiments, that even with large differences in arm strength the resistance worked for all participants, we decided to keep it constant.
17. -290: Can you add a reference to the figure, in place where G1-G3 are described?
We have added a reference to Figure 1 to line 304. We also added labels to T1-3 in Figure 1 in order to avoid any possible confusion regarding the different trajectory arches. 
18. -294: If I understood it correctly, authors argue that two groups are required: yoked and experimental. I think for the validity of the experiment, it is necessary to involve the second control group, without painful stimuli. Should subjects avoid the T3 if it the trade-off holds on, shouldn't? It is not clear how many trials are needed for successful learning? Please, add this detail.
We should note that, two groups are not necessary for the paradigm. For example, in the RPE protocol, acquisition of avoidance is demonstrated by increased avoidance at the end of the learning (acquisition) phase, compared to the beginning of that phase. This is described on lines 346-348 on page 8 in the “Representative results” section: “Acquisition of avoidance behavior is demonstrated by participants avoiding more (showing larger maximal deviations from the shortest trajectory) at the end of an acquisition phase, compared to the beginning of the acquisition phase”. Furthermore, we have also found similar results to those reported in the manuscript when using a within-subjects design with an avoidance condition and a yoked condition indicated by different experimental backgrounds16. 
In the footnote on page 3 of the manuscript, where we first introduce the yoked control, we explicitly state that: “If applicable to the design, a Yoked Group can be used as control”. This is also the case on lines 286-288 on page 6 (step 5.5.1.) of the manuscript: “Where applicable: The data from each Experimental Group participant are saved on the computer (see Section 1.4.), and used as reference for the reinforcement schedules of each Yoked (control) Group participant.” Furthermore, for the sake of clarity, we have added the following to lines 305-306 on page 7 of the manuscript: “NOTE: A Yoked Group17 is required for testing generalization of avoidance (see step 5.5.1.). However, different controls can be used depending on the specific research question (cf. context modulation of avoidance in a within-subjects design16).”  
Although it would certainly be interesting to include a second control group, we believe that the Yoked Group provides sufficient control and evidence for the pain-effort trade-off. Specifically, we have consistently found acquisition of avoidance (i.e. significant differences between the Experimental and Yoked Group) using this set-up. In other words, even when participants in the Yoked Group sometimes receive pain during the least effortful (T1) movement, they clearly prefer this to the other trajectories. This suggests that participants who do not have the ability to avoid, reliably prefer the T1 movement to T3, even when T1 is sometimes punished, which we take as strong evidence for their preference of T1.  

19. -364: I know it is not very informative comment, but the description of extinction with its rationale is not very clear in this part.
We have changed the description on lines 375-380 on page 8 to: “Extinction of avoidance behavior: During extinction with response prevention, participants are only allowed to perform the previously most painful movement trajectory (T1), whereas the other two trajectories (T2 and T3) are prohibited. Therefore, given that participants only have the option of performing T1, and thus the observed data pattern does not reflect their own choices, i.e. genuine extinction of avoidance behavior, extinction of avoidance is not included in the analyses (fig. 5).”

20. Discussion: -491: „SCRs have been previously found to correlate with relief [67]" - I think this is the wrong citation as in the study by Lekens et al. only fMRI was conducted. Please check other references for adequacy.
We thank the reviewer for pointing out this mistake. The reference has been updated to Vervliet et al. (2017)18.  

21. The discussion lacks important consideration of the pain model used, authors very often used term „ecologically valid". I agree, and like the paradigm very, however, in my opinion what threats its internal validity is pain model used. So, I would ask why authors think electrically induced pain should be used in the paradigm? Why not, for example, ischemic pain or heat pain? Both are based on tonic stimulation which force their priority in research application, mostly because of its similarity to clinical pain. This should be discussed. Furthermore, what should be discussed is electrical stimulation itself. Nowadays, electrocutaneous stimuli become more popular because of its potential in activation of nociceptive fibers. I would recommend to use pin-like electrodes and lower intensity (I checked which values are consider in the calibration, e.g. > 40mA - quite high!) as high intensity stimulation suffers from the lack of fibers selectivity. What authors plan to do is a pain induction. If so, it is most likely to happened by stimulating A-delta and C fibers, not A-beta fibers. To reduce possibility of A-beta fibers activation I would suggest to reduce the intensity, change the shape of stimulus and used series of shocks. I think authors did not refer the reader to the pioneered work in the operant conditioning of pain reports by Steven Linton - I would strongly recommend to add it.

[bookmark: _GoBack]We agree with the reviewer that electrocutaneous pain stimuli lack certain aspects of ecological validity, and thank the reviewer for pointing out this limitation. However, we would like to note that the robotic arm-reaching paradigm is still a relatively novel method, and many of the studies run so far have been the first to investigate basic mechanisms of avoidance-learning. In fact, for validation purposes, the electrocutaneous stimulus is practical, and even ideal given its reproducibility and reliability, brevity (allowing short trials), and ease of application, whereas other pain induction methods, such as ischemic stimulation with longer latencies may interrupt the flow of the task. However, we plan to also investigate pain-related avoidance using different pain-induction methods in the future. Therefore, we have added the following to the limitations section of the manuscript on lines 521-526 on page 11 of the discussion: “Finally, only electrocutaneous stimuli have so far been used in the robotic arm-reaching paradigm as pain stimuli, for reasons of consistency and comparability with previous studies of pain-related fear19-21. However, electrocutaneous stimuli may not fully mimic the more tonic pain experienced by chronic pain patients, given that they produce a relatively phasic, uncommon, and unnatural pain experience22. Other pain-induction methods, such as ischemic stimulation23 and exercise-induced24,25 pain have been argued to be better experimental analogues of musculoskeletal pain, given their natural and endogenous nature22. These pain-induction methods could be employed in the robotic arm-reaching paradigm in the future.”
We agree that the work of Steven Linton is indeed relevant for the current manuscript. We have added a reference to his work to lines 93-94 on page 2: “Apart from Linton’s work on the operant conditioning of pain reports26, investigations into the instrumental learning mechanisms relating to pain, in general, are limited.”
I congratulate authors excellent ideas for the operant conditioning in pain research and I am looking forward to see results of new experiments using this method.
We thank the reviewer for his/her shared enthusiasm in our research and paradigm. 
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RESULTANT HORIZONTAL FORCE(N)



Lowest resistance	T1	T3	G1	G3	53	10	50	11	Strongest resistance 	T1	T3	G1	G3	8	53	10	51	T1	T3	G1	G3	T1	T3	G1	G3	
total tested participants




