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Bram Bastiaansen, 
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Reviewers' comments:

Reviewer #2:

A novel inertial measurement unit based method to estimate hip and knee joint kinematics in team sport athletes on the field.

Summary
I would like to thank the authors for their clearly communicated replies and substantial work in revising their work. They have done a rigorous revision of their manuscript and have adequately addressed the majority of my previous comments. However, I would like the authors to consider the minor comments below before accepting this paper for publication.

Author’s reply: We would like to thank the reviewer for their additional comments, which we feel further improve the manuscript. 

Specific comments

Abstract

1. L55-56 This sentence mentions the use of IMU for different purposes and states that "… it is possible to estimate joint kinematics." If it is already known that joint kinematics can indeed be estimated (based on previous observations), it seems odd that the present study investigates the potential for using IMUs to estimate knee and hip joint kinematics, as stated in the next sentence. Suggest rephrasing to tone down or leaving out completely.

Author’s reply: We have rephrased “it is possible to estimate joint kinematics” into “joint kinematics could be estimated”. 
Changed: Line 56-57

2.  L64 Delete "yet".

Author’s reply: Changed accordingly, Line 66.

3. L65 "… gold standard". Please check the manuscript for a consistent use of the term.

Author’s reply: In the manuscript the terms “golden standard” and “gold standard” were used to describe the best available measurement tool. The correct term should be gold standard and therefore all terms “golden standard” were changed to “gold standard” in the manuscript. 

Changed: Line 67, Line 439, Line 454

4. L66 As highlighted in my previous review, a validation of the accuracy and precision of the proposed method is required by comparing it against a gold standard method for measuring hip and knee joint kinematics. I would therefore suggest using a more generic term for a gold standard to compare the present method to instead (e.g. "motion capture system"). 'Vicon' is the merely the name of a company that provides hard- and software solutions for motion capture purposes (amongst others) and a reference to a company in the context of this sentence is somewhat inappropriate.

Author’s reply: We agree with the reviewer and therefore have changed “e.g. Vicon” into “e.g. a valid optoelectronic motion capture system”. 
Changed: Line 67-68.

Author’s reply: Furthermore, we have removed the reference to the company named Vicon in the discussion section of the article.
Removed: Line 455-456.

5. L66-68 To refer to the proposed method as a means to monitor "training load" is inappropriate. Please see the third major concern in my review for the previous version of the manuscript and rephrase appropriately. 

Author’s reply: We agree with the reviewer that the proposed method is not used for monitoring load. Instead, the proposed method could be used for monitoring athlete’s kinematics in the field. Therefore, we adjusted all statements referring to load monitoring into statements referring to athlete monitoring.

Summary
Changed: Line 44: “Monitoring athletes…..”.
Changed: Line 45-46: “Current methods to monitor athletes do not include the lower extremities.” 
Changed: Line 47-48: “Attaching multiple inertial measurement units …. monitoring athletes in the field.” 

Abstract
Changed: Line 51: “Current athlete monitoring practice………”
Changed: Line 68: “Future research should validate ………. can be used for athlete monitoring in the field.”
Changed: Line 70: “When validated, this sensor setup ……. with regard to athlete monitoring.”

Introduction
Changed: Line 95: “Thus, adequate monitoring of individual athletes …”
Changed: Line 99: “Current athlete monitoring practice in team sports…”
Changed: Line 110: “Rapid development in sensor technology … to monitor athletes.”
Changed: Line 116-117: “The registration of joint kinematics … may improve athlete monitoring in team sports.”

Discussion
Changed: Line 437: “Current methods to monitor athletes…..”
Changed: Line 444: “… may improve athlete monitoring practice.”
Changed: Line 456: “… before the sensor setup can be used for athlete monitoring in the field.”
Changed: Line 477: “… In order to monitor athletes in the field.”
Changed: Line 505: “… which could improve monitoring athletes in the future.”

6. L66-68 Likewise, carefully reconsider the use of "training load" in the introduction section (e.g. L102, 108), as well as when using the phrase throughout the rest of the manuscript. The authors define training load as "intensity, duration and frequency", none of which are quantified or described by the kinematic behaviour of the knee and hip joint.

Author’s reply: We have used the term “training load” to introduce the reader to the process of adaptation needed for improving performance. Coaches can vary their training schedules (intensity, duration and frequency) in order to give their athletes a certain stimulus that leads to adaptation if an appropriate balance between the stimulus and recovery is applied. Eventually, this improves athlete performance. The proposed method could be used as a tool for evaluating the stimuli provided during training and optimizing training schedules. We agree with the reviewer that the term “training load” is a distracting term for describing a training stimulus and therefore we have changed all references to training load to “training stimulus”. 

Changed: Line 82: “The correct training stimulus in combination with …….”
Changed: Line 84-85: “… an imbalance between a training stimulus and recovery ….”
Changed: Line 89: “One of the major risks with high training and match stimuli ….”

Introduction:

7. L72 "… high-intensity running … ".

Author’s reply: Changed accordingly, Line 75

8. L93-94 Distance covered, average running velocity and PlayerLoad are not kinematic variables but GPS or accelerometry-based metrics. Suggest rephrasing.

Author’s reply: We have rephrased the sentence into “These systems monitor activity with GPS-based metrics such as distance covered, average running velocity or accelerometry-based metrics such as PlayerLoad”
Changed: Line 100-102 

9. L102-109 If training load is defined as "intensity, duration and frequency", how can measuring joint kinematics improve "load monitoring" in team sports? See my comment for L66-68 above.

Author’s reply: We agree that monitoring joint kinematics cannot be used as a measure for monitoring load. We therefore have removed the term training load from the manuscript and changed that to athlete monitoring. Furthermore, we do not define training load but refer to the application of training stimuli in combination with sufficient recovery to enhance the process of adaptation. We refer to point number 5 & 6 for changes made in the manuscript.

Methods

10. L276 Include how the IMU was connected to the computer (e.g. via a wire, Bluetooth).

Author’s reply: The IMU is connected with the computer using a USB-cable. We therefore have added “by using a USB-cable” to the corresponding sentence.

Changed: Line 287

11. L279 "a software environment" is too generic. Specify what software was used specifically and provide details such as software version, developer etc.

Author’s reply: We have used MATLAB (version r2018b; The MathWorks Inc., Natick, MA, USA) for importing and processing the raw IMU data files. We have added these details of the software version the first time MATLAB has been mentioned in the manuscript. Thereafter, we only have mentioned MATLAB in the manuscript. 

Changed: Line 290: we have changed “a software environment” into “MATLAB (version r2018b; The MathWorks Inc., Natick, MA, USA)”. 
Changed: Line 292: we have changed “Import the raw ….. in the computer software environment” into “Import the raw…. in MATLAB”.
Changed: Line 361: we have changed “the software environment” into “MATLAB”.
Changed: Line 382: we have changed “a computer software environment suitable for data analysis” into “MATLAB”.

12. L301 Since the gyroscope data is used to determine joint angles, signal filtering directly affects the calculated kinematic outcomes. Please provide some rationale and/or references on why this particular filter and cut-off frequency were chosen.

Author’s reply: Data is filtered with a low-pass second order Butterworth filter with a cutoff frequency of 12 Hz to reduce the effects of soft tissue artefacts around impact with the ground. The filter and particular cut-off frequency were chosen based on visual inspection of the data in previous pilot experiments in the project. We have added this information as a note in step 5.4 of the manuscript.

Changed: Line 315, “….. second order low pass Butterworth filter”.
Changed: Line 318 & 319, “NOTE: The filter and particular cut-off frequency were chosen based on visual data inspection in previous pilot experiments.”

13. L343, 364 See my comment for L279 above.

Author’s reply: We changed “software environment” into MATLAB.
Changed: Line 361 & Line 382

Discussion:

14. L418-425 Consider my previous comments on load and kinematics for L66 and L102 above.
Author’s reply: We have considered the previous comments on load and kinematics. We refer to comments 5, 6 and 9 for the changes made in the manuscript.

Changed: Line 437: “Current methods to monitor athletes…..”
Changed: Line 444-445: “The possibility to register lower extremity kinematics … may improve athlete monitoring practice.”

15. L420 "… gold standard …"
Author’s reply: Changed accordingly, Line 439.

16. L435 See my comment for L66.
Author’s reply: We have removed the reference to the company named Vicon, see also point 4.
Removed: “(e.g. Vicon, Oxford Metrics Ltd., Oxford, United Kingdom)”, Line 455-456.

17. L436 Consider my previous comments on training load monitoring for L66 and L102 above.
Author’s reply: We have considered the previous comments on training load monitoring. See also points 5, 6, 9 and 14.

Changed: Line 456: “… before the sensor setup can be used for athlete monitoring in the field.”
Changed: Line 477: “… In order to monitor athletes in the field.”
Changed: Line 504: “… which could improve monitoring athletes in the future.”

18. L455 "a model" is quite generic term. Please include some more specifics of the type of model the authors are alluding to.

Author’s reply: We use a segmental model that could be used for analysis of kinematic variables of the lower extremity. Therefore, we have added the word “segmental” to model.

Changed: “The kinematic variables obtained by the sensor setup could be used in a segmental model…..”, Line 476-477.

19. L458 "… increase …"

Author’s reply: Changed accordingly, Line 480.

20. L485 Delete reference to performance optimisation, as this has not been discussed or justified previously.

Author’s reply: Changed accordingly.
Removed: “and optimize performance”, Line 507

Reviewer #3:
Manuscript Summary:
The authors introduce the topic of IMUs for kinematics measurement well, the advantage over optoelectronic measurement systems and how this protocol relates to movements carried out in team sports. The steps listed in the procedure are clear (bar a couple of suggestions listed under minor concerns) and all required materials and equipment are listed, enabling others to repeat this testing method. The results obtained are comparable to other studies carried out previously (some using different protocols and conditions) but have not been validated by a gold-standard system, which the authors readily acknowledge. Other limitations are also discussed - one I believe to be fairly significant is the fact that the current sensor set up does not allow for sliding tackles. Wearables are advantageous because they can be unobtrusive and so should not impact the movement of users. Any information the authors have on how long subject preparation takes or subject comfort with the sensors would an interesting point of discussion. In general, the protocol is well thought out and the authors are able to demonstrate the impact of this type of research in aiding injury prevention.

Author’s reply: We would like to thank the reviewer for the valuable input. Below, we have provided a point-by-point response. We believe the manuscript has been improved because of it.

Major Concerns:
None

Minor Concerns:
1. Additional information that would be useful to include in the protocol is how much rest is taken between each trial (4.8 line 265).

Author’s reply:  Participants rested at least two minutes between trials. We have added this information within the NOTE corresponding to the section mentioned.

Changed: “Let participants rest for at least two minutes between trials.”, Line 277.

2. Please provide additional information about the order of the Butterworth filter used for data processing (5.4 line 301).

Author’s reply: We have used a second order Butterworth filter for data processing. We added this information to the manuscript. See also comment 12 of reviewer #2 addressing a similar issue.

[bookmark: _GoBack]Changed: “Filter gyroscope data using a second order low-pass Butterworth filter….”, Line 315.

3. I would suggest moving the NOTE on table of materials (line 169) to below 1.4 (line 136) as this is the first mention of IMUs and gives an indication earlier on of the dimensions needed for the double-sided adhesive tape.

Author’s reply: We have moved the NOTE on table of materials to below 1.4.

Changed: Lines 178-179, “NOTE: See table of materials for IMU dimensions and weight characteristics.”, have been moved to section 1.4 (Line 144-145).

