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SUMMARY:  25 

This study presents a protocol to investigate the ground reaction force characteristics 26 

between cross-step and chasse step during stroke in table tennis. 27 

 28 

ABSTRACT: 29 

The cross-step and chasse step are the basic steps of table tennis. This study presents a 30 

protocol to investigate the ground reaction force characteristics between cross-step and 31 

chasse step during stroke in table tennis. Sixteen healthy male national level 1 table tennis 32 

players (Age: 20.75 ± 2.06 years) volunteered to participate in the experiment after 33 

understanding the purpose and details of the experiment. All participants were asked to hit 34 

the ball into the target zone by cross-step and chasse step, respectively. The ground reaction 35 

force in the anterior-posterior, medial-lateral, and vertical directions of the participant was 36 

measured by a force platform. The key finding of this study was that: the posterior ground 37 

reaction force of cross-step footwork (0.89 ± 0.21) was significantly large (P = 0.014) than 38 

the chasse step footwork (0.82 ± 0.18). However, the lateral ground reaction force of 39 

cross-step footwork (-0.38 ± 0.21) was significantly lower (P < 0.001) than chasse step 40 

footwork (-0.46 ± 0.29) as well as the vertical ground reaction force of cross-step footwork 41 

(1.73 ± 0.19) was significantly lower (P < 0.001) than chasse step footwork (1.9 ± 0.33). 42 

Based on the mechanism of the kinetic chain, the better lower limb dynamic performance of 43 

sliding stroke may be conducive to energy transmission and thus bring gain to the swing 44 
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speed. Beginners should start from the chasse step to hit the ball technically, and then 45 

practice the skill of cross-step. 46 

 47 

INTRODUCTION: 48 

Table tennis has developed continuously in sports training and competition practice for 49 

more than 100 years1. With economic globalization and cultural exchanges, table tennis has 50 

developed rapidly in various countries2,3. In Croatia, for example, table tennis is not only 51 

played in clubs, but also in universities, schools, and even in dormitories4. For athletes, the 52 

establishment of sports analysis is helpful for training and competition5. In table tennis 53 

competitions, players need good strategies to try to win the match6. Additionally, footwork is 54 

a skill that must be mastered in table tennis, and it is also the basis and one of the key points 55 

of table tennis training. The chasse step and cross-step are the basic steps of table tennis7. 56 

Every sports skill has a basic mechanical structure. The study of biomechanics is of high 57 

interest to the progress and development of table tennis skills. In training and competition, 58 

table tennis players find the accurate position through their steps7. Therefore, it is necessary 59 

to study the step of table tennis. 60 

 61 

There are differences in the step of table tennis players from different regions, with Asian 62 

players using steps more frequently than European players both during training and in 63 

competition8. During competition, a high-level table tennis player will hit the ball in a shorter 64 

time, at a more steady step, and have enough time to hit the next ball9. In table tennis, 65 

because of the cross-step hitting action, in most cases it is a technical action to save the ball, 66 

leading to the inability to complete the hitting action with high quality. On the contrary, 67 

different from cross-step hitting, chasse step hitting is a common technical action, so 68 

athletes can better grasp the hitting technical action through practice to ensure the quality 69 

of their stroke. A chasse step is when the drive leg (right leg) moves to the right side (toward 70 

the ball) and then the left leg follows to move. A cross-step is when the drive leg (right leg) 71 

moves to the right side (toward the ball) with a large distance, and the left leg does not 72 

move. 73 

 74 

Through previous studies, lower limb muscles play an important role in table tennis 75 

performance10. Table tennis has similarities with tennis moves. There are differences in the 76 

driving stability of lower limbs of tennis players with different levels of serving skill11. Table 77 

tennis involves knee flexion and asymmetrical torsion of the trunk12. In order to improve the 78 

skills of table tennis players, attention should be paid to the rotation of the pelvis13. When 79 

playing forehand loop, excellent table tennis players have a better sole control ability14. 80 

High-level table tennis players can better control the plantar pressure deviation, increase the 81 

inner and outer pressure deviation, and reduce the front and back pressure deviation15. 82 

Compared with a straight shot, a diagonal shot has a greater knee extension during the 83 

swing16. Table tennis service technology is diverse and has complex biomechanical 84 

characteristics. Compared with standing serves, squatting serves require higher lower-limb 85 

drive17. Compared with beginners, elite athletes are more flexible in their stride in cross-step 86 

exercises7. 87 

 88 



In light of the above, with the increasing progress of science and the continuous 89 

development of table tennis skills, more and more players and researchers have joined table 90 

tennis, which requires high-quality biomechanical research to support the sport. However, 91 

due to the complexity of table tennis, it is difficult for researchers to measure the 92 

biomechanics1. There are few studies on the biomechanics of the lower limbs of table tennis. 93 

The purpose of this study was to measure the ground reaction force of elite college table 94 

tennis players in the movement of the racket lead and swing in chasse step and cross-step. 95 

The ground reaction force data of the two steps are compared. The first hypothesis of this 96 

study is that the chasse step and cross-step have different ground reaction force 97 

characteristics. The ground reaction force of chasse step and cross-step is used to obtain the 98 

kinetic data of two kinds of steps, which provides guidance and suggestions for table tennis 99 

players. 100 

 101 

PROTOCOL: 102 

 103 

This study was approved by The Human Ethics Committee of Ningbo University, China. 104 

Written informed consent was obtained from all subjects after they were told about the goal, 105 

details, requirements, and experimental procedures of the table tennis experimental. 106 

 107 

1. Laboratory preparation for table tennis 108 

 109 

1.1. Insert the USB dongle into the PC’s parallel port and open the motion-capture infrared 110 

cameras and analog-to-digital converter. 111 

 112 

NOTE: In this laboratory, the force platform (sampling frequency of 1000 Hz) is used together 113 

with the motion acquisition system, and the data collected by the force platform was 114 

displayed and preliminarily analyzed through the same system. The default sampling 115 

frequency of the force platform is 1000 Hz. 116 

 117 

1.2. Double-click the software icon on the desktop to open the tracking software. 118 

 119 

NOTE: Before opening the software, remove all obstacles in the experimental environment 120 

and clean the ground. 121 

 122 

1.3. Every camera node will show a green light if the hardware connection is true. When the 123 

indicator light of all cameras is green, select eight cameras in the Local System. 124 

 125 

1.4. Click on Camera in the Perspective window and adjust the Strobe Intensity as 0.95–1, 126 

Gain to times 1 (x1), Threshold as 0.2–0.4, Minimum Circularity Ratio as 0.5, Grayscale Mode 127 

to Auto, as well as Max Blob Height to 50. 128 

 129 

1.5. Place the T correction rack in the center of the shooting area, and select eight cameras 130 

in the system. Using a 2D model, confirm that the camera can discern T correction and that 131 

there are no noise points. 132 



 133 

1.5.1. Place the T correction rack in the center of the camera area. Click on the System 134 

Preparation, the L – Frame drop-down list, and select 5 Marker Wand & L – Frame. Then, 135 

click on the Start button under the AimMX cameras option. 136 

 137 

1.6. Select the System preparation button, and click on the Start button in the Calibrate MX 138 

Camera section in the Tool pane. Then, wave the T-wand in the capture range. When the 139 

blue light on the infrared camera stops flashing, stop the action. 140 

 141 

1.6.1. Observe the progress bar until the calibration process is complete at 100% and 142 

returns to 0%. At the same time, observe the error of the image. When the error of the 143 

image is less than 0.3, continue the following operation. 144 

 145 

1.7. Place the T-shaped correction frame in the center of the moving area to ensure that the 146 

axis direction is consistent with the boundary direction of the force platform. 147 

 148 

1.8. Select the Start button under the Set Volume Origin section in the Tool pane. 149 

 150 

2. Participants’ preparation 151 

 152 

NOTE: Sixteen healthy male national level 1 table tennis players volunteered to participate in 153 

the experiment (Ages: 20.75 ± 2.06year; Height: 173.25 ± 6.65 cm; Weight: 66.50 ± 14.27 kg; 154 

Training Year: 12.50 ± 2.08 year). All of them belong to the Ningbo University table tennis 155 

team. Before the formal start of the experiment, the details and process of the experiment 156 

were briefly explained to the participants again, and the written informed consent of the 157 

participant who met the conditions of the experiment were obtained. 158 

 159 

2.1. Select participants that are right-handed, have the right leg as dominant, and are in 160 

good physical health, free of any form of lower limb disease or injury in the last 6 months. A 161 

total of 16 male participants who met the experimental conditions were included in this 162 

experiment. The demographic information of participants is shown in Table 1. 163 

 164 

NOTE: Because there are few left-handed racket users, it was easier to find enough 165 

right-handed racket users to participate in this experiment. 166 

 167 

2.2. Ask all participants to fill out a questionnaire related to fitness. 168 

 169 

NOTE: Questions include: Have you had a history of table tennis competition? How often do 170 

you take part in table tennis training in a week? Have you suffered any lower-limb disorders 171 

and injuries in the last 6 months? 172 

 173 

2.3. Ensure that all participants wear professional table tennis match shoes as well as 174 

identical t-shirts and tight-fitting pants. Have all participants use the same professional table 175 

tennis racket. 176 



 177 

2.4. Give each participant 5 min to adapt to the experimental environment and 15 min to 178 

warm up with light running on the professional treadmill and stretching. Due to the short 179 

duration of the experiment, restrict subjects from eating and drinking during the formal 180 

experiment in order to keep them in a stable state. 181 

 182 

NOTE: Participants first completed a 5 min jog at an adaptive speed on the lab's professional 183 

running table, followed by a 5 min stretch of their lower limb muscles. Finally, they practiced 184 

table tennis footwork technique for 5 min. After completing the warm-up task, the 185 

participants were given 2 min to adjust their state. The formal data collection began. 186 

 187 

3. Static calibration 188 

 189 

3.1. Click on the Data Management button on the toolbar. 190 

 191 

3.2. Click on the New Database tab on the toolbar, click on the Location, and then import 192 

the description of the trial. Select Clinical Template and click on the Create button. 193 

 194 

3.3. Select the name of the database created in the Open Database window. Then, click on 195 

the green New Patient Category button, the yellow New Patient button, and the gray New 196 

Session button to create experimental information in the newly opened screen. 197 

 198 

3.4. Click on Subjects to create a New Subject data set in the Nexus main pane. 199 

 200 

3.5. Click on the Start button in the Subject Capture section to create a static model. Click on 201 

the Stop button when the image frames are at 140–200 to finish the establishment of the 202 

static model. 203 

 204 

NOTE: The participants were asked to stand on a force platform during the experiment. They 205 

were asked to maintain a stable posture with their hands folded and raised on their chest, 206 

looking ahead, and their feet shoulder-width apart. 207 

 208 

4. Dynamic trials 209 

 210 

4.1. As shown in Figure 1, place the table tennis table and ball basket in the experimental 211 

environment to ensure that the subjects have enough space to execute two kinds of 212 

footwork. 213 

 214 

NOTE: The table tennis table and balls are up to the standards of professional events. 215 

 216 

4.2. Ask the participant to hold the ready position, When the experimenter gives the start 217 

command, ask the coach to serve the table tennis balls to the first and final impact area, 218 

respectively. 219 

 220 



4.2.1. Before the formal experiment begins, give the participants enough time to get 221 

accustomed to this position through practice. 222 

 223 

4.2.2. Ask the participants to start on the left side of the table, about half a meter away 224 

from the table. Then, ask them to hit the first and second served ball by forehand with 225 

maximum force and return to the ready position after finishing the second stroke task. 226 

 227 

4.2.3. Ask the participants to first use the chasse step footwork to complete 5 successful 228 

strokes, and then use the cross-step footwork to complete 5 successful strokes. 229 

 230 

4.3. In the software, click on the Capture button in the pressure platform to start the 231 

recording and click on the Stop button to end the recording. Repeat five times for each 232 

participant. 233 

 234 

NOTE: If the shot is not within the range of the target area, or if the subject's right foot is not 235 

fully on the force platform, the measurement will be re-taken. 236 

 237 

5. Post-processing 238 

 239 

5.1. Double-click on the trial name in the Data Management window. Click on the 240 

Reconstruct Pipeline and Labels buttons in the toolbar to display the experiment 241 

demonstration. 242 

 243 

5.2. In the Perspective window, move the blue triangle on the time bar to intercept the 244 

desired time interval. 245 

 246 

5.3. Select the Dynamic Plug-in Gait that is in the Subject Calibration pane. Click on the 247 

Start button to run and export the data. 248 

 249 

6. Statistical analysis 250 

 251 

6.1. Analyze all data using professional statistical software. Run the Shapiro–Wilks tests to 252 

check the normal distribution for all variables. 253 

 254 

6.2. Use a paired t-test to compare kinetics characteristics of chasse step footwork and 255 

cross-step footwork during table tennis stroke. 256 

 257 

6.3. Set the significance level at p < 0.05. The results are presented as the mean ± the 258 

standard deviation throughout the text unless otherwise stated. 259 

 260 

REPRESENTATIVE RESULTS: 261 

As shown in Figure 2 and Table 2, the posterior ground reaction force of the cross-step 262 

footwork (0.89 ± 0.21) was significantly larger (P = 0.014) compared with the chasse step 263 

footwork (0.82 ± 0.18). However, the lateral ground reaction force of cross-step footwork 264 



(-0.38 ± 0.21) was significantly lower (P < 0.001) than the chasse step footwork (-0.46 ± 0.29). 265 

Additionlly, the vertical ground reaction force of cross-step footwork (1.73 ± 0.19) was 266 

significantly lower (P < 0.001) than the chasse step footwork (1.9±0.33). No differences were 267 

observed between the medial or anterior ground reaction forces between the cross-step and 268 

the chasse step footwork during stroke in table tennis (P > 0.05). 269 

 270 

FIGURE AND TABLE LEGENDS: 271 

 272 

Figure 1: Experiment setup 273 

 274 

Figure 2: The ground reaction force in the posterior, anterior, medial, lateral, and vertical 275 

directions. 276 

 277 

Table 1: The participant demographic information table. 278 

 279 

Table 2: The ground reaction force information of chasse step footwork and cross-step 280 

footwork in three planes during stroke in table tennis. Significant differences between the 281 

chasse step footwork and cross-step footwork are denoted with an asterisk (*). BW means 282 

multiple of body weight. 283 

 284 

DISCUSSION: 285 

The aim of this study is to investigate the ground reaction force characteristics between 286 

cross-step and chasse steps during stroke in table tennis. The key findings of this study are 287 

stated here. The anterior ground reaction force of cross-step footwork was significantly 288 

larger than the chasse step footwork. The lateral ground reaction force of cross-step 289 

footwork was significantly lower than the chasse step footwork. The vertical ground reaction 290 

force of cross-step footwork was significantly lower than the chasse step footwork. 291 

 292 

Marsan et al. (2020) showed that Newton’s second law could be a good estimation method 293 

for the ground reaction force value except for peak ground reaction forces18. In the results of 294 

this study, the displayed value of the ground reaction force is close to the value of the 295 

measurement observed by Marsan et al. (2020). This further supports the results of this 296 

study. A perfect stroke requires coordination of the whole body. The control of footwork 297 

patterns requires a coordinated sequence of body parts interacting with each other, and the 298 

optimal activation of all links is defined as the "kinetic chain"11,19,20. The lower limbs, as the 299 

starting point of the kinetic chain, transfer the best-activated energy from the lower limbs to 300 

the upper limbs through the continuous movement of the kinetic chain9,21. These include 301 

the integrity of the body when hitting the ball, as well as more full transmission of the lower 302 

limb kinetic chain. 303 

 304 

The lateral ground reaction force of the chasse step hitting movement is significantly greater 305 

than the action of the cross-step hitting movement. Lam et al. (2019) observed the same 306 

results. The maximum horizontal force of the side-step was significantly higher than the 307 

one-step22. The chasse step hitting technique can be mastered by athletes through practice, 308 



and the cross-step hitting technique has great variability compared with the chasse step 309 

hitting action. Therefore, with a lot of practice of the chasse step hitting, the lower limb 310 

kinetic chain transmission of the players could be more complete and smoother, so that the 311 

swing of hitting the ball in the process of the push force is more complete. The flow of the 312 

kinetic chain is conducive to an energy transfer from the lower limb to the upper limb, 313 

considerably influencing racket and ball speed in racket sports22–25. In general, in terms of 314 

the lateral ground reaction force, the chasse step hitting ball is higher than the cross-step 315 

hitting ball, which again confirms the results of this study regarding the vertical ground 316 

reaction force. Due to the variability and immediacy of the cross-step, the cross-step hitting 317 

technique cannot fully complete the swing action. Therefore, a greater push is required as a 318 

compensatory mechanism in the anterior direction. To compensate, the cross-step exhibits a 319 

greater anterior ground reaction force than the chasse step hitting technique. Shimokawa et 320 

al. (2020) investigated a similar result in the tennis forehand groundstroke. The peak 321 

anterior-posterior ground reaction force plays an influential role in affecting forehand 322 

post-impact ball speed26. However, a greater anterior ground reaction force may cause the 323 

center of gravity not to return to the initial position in time, thus affecting the beginning of 324 

the next movement. In the practical application of training and competition, athletes and 325 

coaches attempt to master the ability to control the center of gravity during cross-step 326 

footwork. Beginners should start from the chasse step footwork to hitting the ball. When the 327 

player has mastered the ability to control the center of gravity while hitting the ball, they can 328 

further learn to use the cross-step footwork. 329 

 330 

There are several critical steps in the protocol. Firstly, the subject needs to accurately step on 331 

the center position of the force measuring table when executing the two footwork, to 332 

ensure that the ground reaction force data of the subject can be collected completely and 333 

accurately. Any data where the foot is placed outside the platform should be eliminated. 334 

Secondly, during the execution of the experiment, in order to accurately collect data, 335 

athletes need to execute actions after hearing the "start" command. The same experimenter 336 

is responsible for issuing the command. Third, in the process of data post-processing, the 337 

interpretation of the subjects' movements should be extremely rigorous. 338 

 339 

The main limitations of this study were that the whole experiment was a real match 340 

environment as this will affect the practical application of the results of this study. Secondly, 341 

in this study, only the ground reaction force information of the two footsteps in the swing 342 

stage was measured. In future further research, experimental data should be collected in a 343 

situation that is as close to a real competitive environment as possible and the ground 344 

reaction force information of the racket lead stage should also be collected together. 345 

 346 

By comparing the ground reaction force of two footwork techniques, the anterior ground 347 

reaction force of the cross-step footwork was significantly larger than the chasse step. The 348 

cross-step footwork is often used to recover the ball from a large distance, which may be a 349 

result of the timeliness of the cross-step. The time to return to the initial position changed 350 

the center of gravity and influenced the beginning of the next action. Athletes and coaches 351 

should pay attention to using cross-step footwork and having good control over the center of 352 



gravity to avoid moving the weight forward too much and affect the next movement. At the 353 

same time, the player should adjust their step as soon as possible after the cross-step stroke 354 

to prepare for the next movement. The lateral and vertical ground reaction force of the 355 

chasse step was significantly larger than the cross-step footwork. The chasse step is an 356 

action that the athlete can learn through training to hit the ball. Enhancing the driving force 357 

of the lower limbs and optimizing the transmission of the lower limb power chain could 358 

increase the speed and power of the swing. 359 

 360 
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Participants (n) Ages (years) Height (cm) Weight (kg) Training Year (years)

16 20.75±2.06 173.25±6.65 66.50±14.27 12.50±2.08
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Ground Reaction Force
Cross-Step Footwork 

Mean±SD

Chasse Step Footwork 

Mean±SD
P-value

Posterior 0.89±0.21 0.82±0.18 0.014*

Anterior -0.02±0.05 -0.01±0.04 0.705

Medial 0.31±0.39 0.27±0.33 0.078

Lateral -0.38±0.21 -0.46±0.29 <0.001*

Horizontal Plane Vertical 1.73±0.19 1.9±0.33 <0.001*

Sagittal Plane

Frontal Plane
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Comments and Responses 

Dear Editors and Reviewers: 

Thank you very much for your attention and comments concerning our manuscript 

entitled “Comparison of Kinetics Characteristics of Footwork During Stroke in Table 

Tennis: Cross-Step and Chasse Step”. Those comments are all valuable and very 

helpful for revising and improving our paper, as well as the important guiding 

significance to our researches. We have studied comments carefully and made 

corrections which we hope meet with the final approval. Revised portion are 

highlighted in red in the paper. Here below is our description on revision according to 

the reviewers’ comments. 

 

Responses to the editorial comments 

1. Please include a 50 word summary that specifies the goal of the experiment. 

Response: Thank you very much for your remind. In fact, we have already stated 

the purpose of this study in the abstract and the main text. The content was as 

follows: This study presents a protocol to investigate the ground reaction force 

characteristics between cross-step and chasse steps during stroke in table tennis.  

 

2. Please upload the Tables separately as xls/xlsx files. 

Response: Thank you very much. We have uploaded the Tables according to 

your request. 

 

Responses to the reviewers’ comments 

Reviewer 1 

Manuscript Summary: 

The aim of the study is to compare the ground force reaction characteristics of two 

classical footwork of table tennis: chasse step and cross-step. The authors found 

differences regarding the ground reaction forces of the two footworks. Most of the 

comments have been adressed by the authors but there are still a few modifications to 

make, especially in term of proof-reading and cheking for grammar and spelling 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JoVE62571
Response Letter.docx
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issues. 

Response: Thank you very much for your help in improving our article. We have 

carefully modified it according to your requirements and expect to get your 

approval. 

 

Major Concerns: 

No major concern 

Response: Thank you very much for your recognition. We will revise minor 

concerns more carefully. 

 

Minor Concerns: 

Introduction : 

1. l. 47-48 replace "very important" by "of high interest" 

Response: Thank you for your reminding. We have modified this part of content 

according to your suggestions. 

 

2. l 134-167 : be careful with the tense used, it should be harmonized through the 

article 

Response: Thank you very much for your reminding. In fact, we have tried our 

best to modify and check the language of the manuscript again. We apologize for 

any inconvenience this may have caused. 

 

3. Table 1. Replace Weight (kg) by Mass (kg) 

Response: Thank you. We have modified this part according to your suggestion. 

 

4. l. 194 "NOTE: The table tennis table and balls are meet the standards of 

professional events." Rephrase "are meet", it does not sound right 

Response: Thank you for your reminding. We have modified this sentence, which 

was as follows: The table tennis table and balls are up to the standards of 

professional events. 



 

5. l. 230 "the ground reaction force in the posterior of cross-step footwork" should be 

"the posterior ground reaction force of the cross-step footwork" 

Response: Thank you for your remind. We have re-edited this section, and the 

current content was as follows: As shown in Figure 2 and Table 2, compared with 

the chasse step footwork (0.82±0.18), the posterior ground reaction force of the 

cross-step footwork (0.89±0.21) was significantly larger (P=0.014). However, the 

lateral ground reaction force of cross-step footwork (-0.38 ± 0.21) was 

significantly lower (P<0.001) than the chasse step footwork (-0.46±0.29). As well 

as the vertical ground reaction force of cross-step footwork (1.73±0.19) was 

significantly lower (P<0.001) than the chasse step footwork (1.9±0.33). No 

differences were observed between the medial or anterior ground reaction forces 

between the cross-step and the chasse step footwork during stroke in table tennis 

( P > 0.05). 

 

6. l.230-234 Rephrase for all this paragraph 

Response:Thank you very much. We have re-edited this section, and the current 

content was as follows: As shown in Figure 2 and Table 2, compared with the 

chasse step footwork (0.82±0.18), the posterior ground reaction force of the 

cross-step footwork (0.89±0.21) was significantly larger (P=0.014). However, the 

lateral ground reaction force of cross-step footwork (-0.38 ± 0.21) was 

significantly lower (P<0.001) than the chasse step footwork (-0.46±0.29). As well 

as the vertical ground reaction force of cross-step footwork (1.73±0.19) was 

significantly lower (P<0.001) than the chasse step footwork (1.9±0.33). No 

differences were observed between the medial or anterior ground reaction forces 

between the cross-step and the chasse step footwork during stroke in table tennis 

( P > 0.05). 

 

7. l. 265-266 "Because the chasse step hitting technique can be mastered by the 

athletes through a lot of practice" I do not understand why this sentence is here. 



Neither is the "however" after. Just 

Response: Sorry for the confusion this section caused. We have re-edited and 

explained this section, and the current content was as follows: The lateral ground 

reaction force of the chasse step hitting movement is significantly greater than 

the action of the cross-step hitting movement. Lam et al. (2019) observed the 

same results. The chasse step hitting technique can be mastered by the athletes 

through a lot of practice, and the cross-step hitting technique has great 

variability compared with the chasse step hitting action. Therefore, with a lot of 

practice of the chasse step hitting, the lower limb kinetic chain transmission of 

the players could be more complete and smoother... 

 

8. l. 246 same remark that l. 230 

Response: Thank you very much for your reminding. We have reedited this 

section. The contents was as follows: The key finding of this study is that: 1) the 

posterior ground reaction force of cross-step footwork was significantly larger 

than the chasse step footwork. 2) the lateral ground reaction force of cross-step 

footwork was significantly lower than the chasse step footwork. 3) the vertical 

ground reaction force of cross-step footwork was significantly lower than the 

chasse step footwork. 

 

9. l. 264-265 "The lateral ground reaction force of the chasse step hitting action is 

significantly greater than the action of the cross-step hitting action". Too many 

"action", rephrase. 

Response: Thank you for your advice. The sentence has been modified according 

to your requirements. The content was as follows: The lateral ground reaction 

force of the chasse step hitting movement is significantly greater than the action 

of the cross-step hitting movement. 

 

Reviewer 2 

Manuscript Summary: 



This paper compares the ground reaction force between chasse step and cross-step in 

table tennis forehand. The authors found some differences between the two steps. The 

topic may be interesting for relevant scientists, coaches and players. 

Response: Thank you very much for your suggestions on optimizing this article. 

We have carefully revised the manuscript according to your requirements and 

hope it can conform to your requirements. 

 

Major Concerns: 

First, how the participants performed the two types of footwork is unclear. How did 

the participants hit the firstly served ball? With forehand or backhand? After hitting 

the second served ball, what were the participants asked to do? Were they required to 

get back to the ready position? The description of the footwork is critical in this study 

and should be crystal clear. Second, the ground reaction force means the force acting 

on the foot from the ground. You observed the posteriorly directed GRF, suggesting 

the body was accelerated backward during the swing. This seems odd. Please verify 

and explain this. 

Response: Thank you very much for your remind. We totally agree with your 

suggestion. And we have add the detail of stroke in the protocol section. As 

follows: Then hit the firstly and second served ball by forehand with maximum 

force. And back to the ready position after finished the secondly stroke task. 

Besides, we feel sorry for the confusion. The two words of posterior and Anterior  

are reversed, we have check the manuscripts and data again to ensure there is 

correct about the result. We have rectify the table and sentence of the study. 

Thank you very much for your remind.  

 

Minor Concerns: 

1. L26 The planes have two independent directions. I think it is sufficient simply to 

put "the forces in the anteroposterior, medio-lateral, and vertical directions". 

Response: Thank you very much. In order to more clearly express the results of 

this study, we have modified this section according to your opinions. The 



contents was as follows: The ground reaction force in the anterior-posterior, 

medial-lateral, and vertical directions of the participant was measured by a force 

platform. 

 

2. L27 Please delete "Three-dimensional". 

Response: Thank you. We have deleted this part of content according to your 

suggestion. 

 

3. L66 What is a level of serving movement? A level of serving skill? 

Response: Sorry for the confusion in this section. The content of this part has 

been modified as: serving skill. 

 

4. L86 You did not measure lower limb kinetics. Ground reaction forces are the 

resultant reaction from the whole-body movement not from the lower limb only. 

Please consider rephrasing this part: "the ground reaction force characteristics" 

instead of "the lower limb kinetics characteristics". 

Response: Thank you very much for your suggestions. We have re-edited this 

section according to your suggestions. The contents was as follows: The first 

hypothesis of this study is that the chasse step and cross-step have different 

ground reaction force characteristics. 

 

5. L87 better performance? You need to define the performance here. You also need to 

consider the above comment for the second hypothesis. 

Response: Thank you very much for your remind. We fully agree with your 

suggestions. In order to facilitate readers to understand this study, we have 

deleted this section. 

 

6. L122 I think the calibration T-wand is a more popular word than the T-frame. 

Response: Thank you very much. We have modified this section according to 

your suggestions. The content was as follows: Then wave the T-wand in the 



capture range. 

 

7. L146 Please clarify " to study right-handed race-holding" 

Response: Sorry for confusion, we have delete the sentence, and the sentence was 

reedited as follows: Because there are few of left-handed racket user, it is easier 

to find enough right-handed racket user to participate in this experiment. 

 

8. L166 The "experiment" should be referred to as the whole process. Please revise 

this part: for example, "The formal data collection began." 

Response: Thank you very much. We have modified this section according to 

your suggestions. The content was as follows: The formal data collection began. 

 

9. L196 bein? 

Response: Thank you very much. We have modified this section. The content was 

as follows: Ask the participant to hold the ready position. 

 

10. L197 finally? 

Response: Sorry for the confusion. We have modified this section. The content 

was as follows: the first and final impact area. 

 

11. L203 You seemed not to randomize the order of data collection for the two 

footwork. Why? 

Response: Thank you very much. In fact, we have explained the sequence of data 

collection. In order to facilitate the subjects' feet to accurately step into the force 

platform, the test sequence was specified in the protocol section. The content was 

as follows: Also, the participants were asked to first use the chasse step footwork 

to complete 5 times successful strokes, and then use the cross-step footwork to 

complete 5 times successful strokes. 

 

12. L256 "support our results" is unclear. Usually, data support a claim or a 



hypothesis. 

Response: Thank you very much for your reminding. We have modified this 

section. The content was as follows: This further supports the results of this 

study. 

 

13. L272 cross step.the cross step? 

Response: Sorry for the confusion. And Thank you very much for your 

reminding. We have modified this section. The content was as follows: Due to the 

variability and immediacy of cross-step, the cross-step hitting technique cannot 

fully complete the swing action. 

 

14. L276 Please check the grammar. I think "in the vertical direction" not "in the 

sagittal plane" is more appropriate if I understand appropriately. Please note that the 

sagittal plane includes the anteroposterior and vertical directions. 

Response: Thank you very much for your reminding and suggestions. We totally 

agree with you. We have reedited this section as follows: Therefore, the greater 

push is required a compensatory mechanism in the anterior direction. 

 

15. L305 "Because no time ..." is unclear. Please be accurate and precise for this is a 

scientific paper. 

Response: Sorry for the confusion. We have modified this section. The content 

was as follows: Haven’t in time to go back to the initial position... 

 

16. L315 I cannot understand this sentence. 

Response: Sorry for the confusion. We have reedited the sentence, and the 

content was as follows: Enhancing the driving force of the lower limbs and 

optimizing the transmission of the lower limb power chain could increase the 

speed and power of the swing. 

 

17. Table 2 I think "ground reaction force in three anatomical directions" is more 



appropriate than "The ground reaction force in three planes" 

Response: Thank you very much. We fully agree with your suggestions and have 

modified this section according to your suggestions. The contents was as follows: 

Table 2. The ground reaction force information of chasse step footwork and 

cross-step footwork in three  anatomical directions during stroke in table tennis. 

 

18. Table 2 "BW means …": BW should appear before this sentence in the Table. 

Response: Thank you very much for your advice. We have changed it in the 

details of Table according to your suggestion. 

 

Reviewer3 

The manuscript provides interesting data in relation to table tennis and some 

biomechanical aspects related to some of the main movement "patterns". The 

information provided is novel and specific, but some changes need to be made in 

writing quality and structure. 

Response: Thank you very much for your comments and suggestions. We have 

carefully revised the manuscript according to your requirements and hope that it 

can conform to the requirements of publication. 

 

Major Concerns: 

n/a 

Response: Thank you very much.We have carefully revised the minor concerns, 

hoping to conform to the requirements of publication. 

 

Minor Concerns: 

The structure and set up of the way the methodology is written. 

Firstly, I would again like to congratulate the author/s on conducting this research and 

preparing the manuscript, understanding and appreciating the challenges that come 

with applied research. I have provided recommendations to help with the clarity of the 

manuscript and have provided some specific comments below. 



Response: Thank you very much for your suggestion to improve this article. We 

have carefully revised the minor concerns, hoping to conform to the 

requirements of publication. 

 

Abstract: 

Line 27 to 33: Change for clarity to: 

The key finding of this study is that: the ground reaction force in the posterior of the 

cross-step footwork (0.89 ± 0.21) shows significantly larger (P=0.014) when 

compared with the chasse step footwork (0.82±0.18). 

However, the ground reaction force in the lateral of cross-step footwork (-0.38±0.21) 

shows a significantly lower (P<0.001) than the chasse step footwork (-0.46±0.29). it 

is showing significantly lower what???? Occurrence? Performance? 

In addition, the cross-step footwork (1.73±0.19) shows a significantly lower 

(P<0.001) ground reaction force in vertical compared to chasse step footwork (1.9±

0.33). 

Response: Thank you very much for your advice. We have re-edited this part of 

content, and the modified content was as follows: The ground reaction force in 

the anterior-posterior, medial-lateral, and vertical directions of the participant 

was measured by a force platform. The key finding of this study is that: the 

posterior ground reaction force of cross-step footwork (0.89 ± 0.21) was 

significantly large (P=0.014) than the chasse step footwork (0.82±0.18). However, 

the lateral ground reaction force of cross-step footwork (-0.38±0.21) was 

significantly lower (P<0.001) than chasse step footwork (-0.46±0.29). As well as 

the vertical ground reaction force of cross-step footwork (1.73±0.19) was 

significantly lower (P<0.001) than chasse step footwork (1.9±0.33). 

 

Introduction: 

Line 43 change In the table tennis . . . to In table tennis competition . . . 

Response: Thank you very much. We have modified this sentence according to 

your suggestions. The contents was as follows: In table tennis competitions, 



players need good strategies to try to win the match. 

 

Line 52 - change There are differences in the step of table tennis players from a 

different region . . .to There are differences in the step of table tennis players from 

different regions 

Response: Thank you very much. We have modified this sentence according to 

your suggestions. 

 

Line 55 - change get enough time to have enough time 

Response: Thank you very much. We have modified this section according to 

your suggestions. 

 

Line 81 - change it to this 

Response: Thank you very much. We have modified this section according to 

your suggestions. 

 

Line 83 - take-out 16 as you mention this in your methodology so no need for 

participant number in introduction 

Response: Thank you very much. We have modified this section according to 

your suggestions. 

 

Protocol 

Line 101 - do you have the details of the force platform? What force platform was 

used. If you do great to put into the protocol details. 

Response: Thank you very much for you suggestion. We have add the details of 

the force platform in the protocol section, the content as follows: AMTI, 

Watertown, USA, sampling frequency of 1000 Hz. 

 

Line 112- adjustment change to adjust 

Response: Thank you very much. We have modified this section according to 



your suggestions. 

 

Line 116 - change to Place the T correction rack in the center of . . . . . 

Response: Thank you for your remind. We have modified this section according 

to your suggestions. 

 

Line 124 - change to Then observe the progress bar . . . . 

Response: Thank you very much. We have modified this section according to 

your suggestions. 

 

Line 132 - add a space after 1.8 and after SET VOLUME ORIGIN 

Response: Thank you for your remind. We have add the space according to your 

suggestions. 

 

Line 136 - All of them belong to . . . . 

Response: Thank you very much. We have modified this section according to 

your suggestions. 

 

Line 141 and line 149 - add a space after 2.2 and 2.3, respectively. Check this 

throughout line 172, 174, 196, 205, . . . . 

Response: Thank you for your remind. We have add the space according to your 

suggestions. 

 

Line 168 - heading for table needs to come above the table not below and please 

reference this in line 135 instead of providing mean ± SD (see Table 1) after 

Sixteen healthy male national levels table tennis players 

Response: Thank you for your remind. We have modified these parts according 

to your suggestion. The contents was as follows: Sixteen healthy male national 

levels 1 table tennis players volunteered to participate in the experiment (Ages: 



20.75±2.06 year; Height: 173.25±6.65 cm; Weight: 66.50±14.27 kg; Training 

Year: 12.50±2.08 year). 

 

Line 222 - The Shapiro-Wilks test was performed . . . 

Response: Thank you very much. We have modified these parts according to 

your suggestion. The contents was as follows: The Shapiro–Wilks tests were 

performed to check the normal distribution for all variables. 

 

Line 223 - A paired t-test was used to . . . . 

Response: Thank you for you suggestion. We have modified these parts 

according to your suggestion. The contents was as follows: A paired t-test was 

used to compare kinetics characteristics of chasse step footwork and cross-step 

footwork during table tennis stroke. 

 

Line 225- The significance level was set at . . . 

Response: Thank you very much. We have modified these parts according to 

your suggestion. The contents was as follows: The significance level was set at p < 

0.05. 

 

Results 

Line 231 - was significantly larger 

Response: Thank you very much. We have modified these parts according to 

your suggestion. 

 

Line 232 - 233 - The cross step footwork (1.73±0.19) also showed . . . . 

Response: Thank you for your remind. We have modified these parts according 

to your suggestion. The contents was as follows: As well as the vertical ground 

reaction force of cross-step footwork (1.73± 0.19) was significantly lower 

(P<0.001) than the chasse step footwork (1.9±0.33). 

 



Line 234 - No differences were observed . . . . . 

Response: Thank you very much. We have modified these parts according to 

your suggestion. The contents was as follows: No differences were observed 

between the medial or anterior ground reaction forces between the cross-step 

and the chasse step footwork during stroke in table tennis ( P > 0.05). 

 

Discussion 

Line 251 to 254 - make this 2 sentences for clarity as it is too long 

Response: Thank you very much. We have modified the sentence, the content 

was as follows: Marsan et al. (2020) investigated the estimation value of the 

ground reaction force based on Newton’s second law could be a good estimation 

method for except the peaks ground reaction forces 

 

Line 238 to 249 - can you integrate this with some of your findings please. 

Response: Thank you very much. As your suggestion, we add the content was as 

follows: The lateral ground reaction force of the chasse step hitting movement is 

significantly greater than the action of the cross-step hitting movement. Lam et 

al. (2019) observed the same results. The Maximum horizontal force of side-step 

was significant higher than the one-step. 

 

Line 255 - change that of Masran to observed by Masran. Also add in the year of 

publication so, Masran et al. (2020) 

Response: Thank you very much for your suggestion. We have modified these 

parts according to your suggestion. The contents was as follows: In the results of 

this study, the displayed value of ground reaction force is basically close to the 

value of the measurement observed by Marsan et al. (2020). 

 

Line 251 to 268 - same as the above, please integrate some of your findings to 

agree/disagree with this. 

Response: Thank you very much. As your suggestion, we add the content as 



follows: Shimokawa et al. (2020) investigated the similar result in the tennis 

forehand groundstroke. The Peak anterior-posterior ground reaction force play a 

most influential role to affecting forehand post-impact ball speed. However, a 

greater anterior ground reaction force may cause the center of gravity not return 

to the initial position in time, thus affecting the beginning of the next movement. 

 

Line 267-268 - why should beginners start with this? 

Response: Thank you very much. In fact, we have explained this in the 

manuscript. Because the anterior ground reaction force of cross-step footwork 

was significantly greater than the chasse step footwork, this probably means that 

the athlete shows a greater forward weight transfer during cross-step footwork, 

which may affect the timely return of center of gravity. So you can practice 

chasse step footwork to enhance the control ability of the center of gravity, and 

then practice the cross-step footwork. 

 

Line 272 - change influences to influencing 

Response: Thank you very much. We have modified these parts according to 

your suggestion. 

 

Line 275 - re-read and re-word as there is a full stop in the middle of the sentence 

Response: Thank you for your remind. We've double-checked the manuscript to 

make sure no similar problems arise. 

 

Line 276- change to as a compensatory. . . 

Response: Thank you for your suggestion. We have modified these parts 

according to your suggestion. 

 

Line 280 -282 - re-word for clarity, I get what you mean but the sentence is badly 

structured. 

Response: Thank you very much for you remind. And sorry for the confusion. 



We have re-edited this part, the specific content was as follows: In the practical 

application of training and competition, athletes and coaches should pay 

attention to master the ability of control center of gravity during cross-step 

footwork. 

 

Line 289 - full stop after accurately. New sentence: Any data where the foot is placed 

outside the platform should be eliminated. 

Response: Thank you very much for you remind. We have re-edited this section  

according to your requirements, the details were as follows: Any data where the 

foot is placed outside the platform should be eliminated. 

 

Line 295 - The main limitations of this study were . . . . 

Response: Thank you very much. We have re-edited this section according to 

your requirements, the details were as follows: The main limitations of this study 

were that, Firstly, the whole experiment was not in a real match environment, 

this will affect the practical application of the results of this study to some extent. 

Secondly, in this study, only the ground reaction force information of the two 

footsteps in the swing stage was measured. In future further research, 

experimental data should be collected in a situation that is as close to the real 

competitive environment as possible. And the ground reaction force information 

of the racket lead stage should also be collected together. 

 

After you state limitations state future research 

Response: Thank you very much for you suggestion. We have re-edited this 

section according to your requirements, the details were as follows: The main 

limitations of this study were that, Firstly, the whole experiment was not in a real 

match environment, this will affect the practical application of the results of this 

study to some extent. Secondly, in this study, only the ground reaction force 

information of the two footsteps in the swing stage was measured. In future 

further research, experimental data should be collected in a situation that is as 



close to the real competitive environment as possible. And the ground reaction 

force information of the racket lead stage should also be collected together. 

 

 


