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SUMMARY: 26 
The goal of this protocol is to measure the center of pressure (COP) replacement using a high 27 
spatial resolution sensor sheet to reflect the spatial stability in a precision grip. The use of this 28 
protocol could contribute to greater understanding of the physiology and pathophysiology of 29 
grasping. 30 
 31 
ABSTRACT: 32 
The purpose of the protocol is to indirectly evaluate the direction of the finger force during 33 
manipulation of a handheld object based on the biomechanical relationships in which 34 
deviated force direction causes center of pressure (COP) replacement. To evaluate this, a thin, 35 
flexible, and high spatial resolution pressure sensor sheet is used. The system allows 36 
measurement of the COP trajectory in addition to the force amplitude and its temporal 37 
regulation. A series of experiments found that increased trajectory length reflected a 38 
sensorimotor deficit in stroke patients, and that decreased COP trajectory reflects a 39 
compensatory strategy to avoid an object slipping from the hand grip in the elderly. 40 
Moreover, the COP trajectory could also be decreased by dual task interference. This article 41 
describes the experimental procedure and discusses how finger COP contributes to an 42 
understanding of the physiology and pathophysiology of grasping.  43 
 44 
INTRODUCTION: 45 
Force control is the fundamental basis of precision grip. Compared with power grip, precision 46 
grip evaluates the minimal force output reflecting the ability to manipulate an object. Multiple 47 
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sensorimotor systems contribute to precision grip. For example, during a grip and lift task, 48 
visual information enables the perception of the object’s size and shape. After the fingertips 49 
touch the object, tactile signals are delivered to the somatosensory cortex to adjust the 50 
precision grip force. Grip force (GF) is generated when the fingertips make contact with the 51 
object, and it increases during the lifting phase1. When an object approaches the goal height 52 
in the air, healthy young adults produce the minimal GF to optimize cutaneous input from the 53 
finger pulps and conserve energy. On the other hand, older adults use a large grip force to 54 
avoid letting the object slip from their grip2. In stroke patients, onset of grip force is delayed 55 
and the ability to adjust the safety margin is impaired due to sensory and motor deficits. 56 
Exaggerated grip force is considered to be a strategic response to compensate for sensory 57 
and motor deficits3. 58 
 59 
The standard protocol to measure GF control in precision grip was suggested by Johansson 60 
and Westling in the 1980s4. They developed a device to monitor both load and grip forces 61 
simultaneously. Since then, GF amplitude and its temporal regulation have been used as 62 
typical kinetic parameters in numerous studies on precision grip. Another kinetic parameter 63 
is the force direction5. The force direction results from a combination of grip and lift forces. 64 
In order to maintain stable precision grip, properly directed grip and lift forces must be 65 
generated between the thumb and index finger, and the deviated force direction can cause 66 
spatial instability. Although various load cell-type force direction instruments are used in 67 
grasping studies, these instruments have a limitation in terms of monitoring the grip force 68 
control in manipulating objects of different sizes and shapes used in daily living. Thus, a 69 
flexible and attachable sensor is essential to investigate the relationships between grip force 70 
control and daily functions.  71 
 72 
The purpose of this protocol is to indirectly evaluate the finger force direction during 73 
manipulation of an object based on the biomechanical relationship in which deviated force 74 
direction causes Center of Pressure (COP) replacement. The COP is the center of all the forces, 75 
and represents how the forces are balanced on the sensor sheet. The use of COP to evaluate 76 
grip force control was first suggested by Augurelle et al.6. They monitored COP displacement 77 
to investigate the role of cutaneous feedback and found that deviated COP occurred after 78 
digital anesthesia. However, COP displacement was monitored only vertically in their study; 79 
therefore, the COP displacement in a three-dimensional space has not been adequately 80 
evaluated. To solve this limitation a thin, flexible, and high spatial resolution pressure sensor 81 
sheet was used to measure COP. Relatively high spatial resolution sensors (~60–100 points 82 
per cm2) to measure grip force control have been used7,8, but recent advances in spatial 83 
resolution (248 points per cm2) allow measurement of the COP trajectory as a parameter to 84 
quantify spatial stability. This paper describes the experimental procedure and discusses how 85 
finger COP contributes to the understanding of the physiology and pathophysiology of 86 
grasping. 87 
 88 
PROTOCOL: 89 
 90 
The series of studies in the present paper were approved by Gunma University Ethical Review 91 
Board for Medical Research Involving Human Subjects. 92 
 93 
NOTE: Inclusion criteria for participants were the ability to understand the use of minimal 94 



force and the ability to perform the task with the thumb and index finger. Exclusion criteria 95 
were selected based on the purpose of the experiments.  96 
 97 
1. Equipment preparation  98 
 99 
1.1. Connect two sensor connector cables to the USB ports of a computer. Pull up the lever 100 
attached to the sensor connector and insert the sensor’s tab into the insertion slot. Return 101 
the attached lever to its original position.  102 
 103 
1.2. Open the sensor software on a computer. Make sure that real-time pressure distribution 104 
maps appear automatically on the monitor when the sensor sheets are correctly connected. 105 
 106 
1.3. Pressure adjustment 107 
 108 
1.3.1. Insert the sensing area of the sensor sheet one by one into a compressor rig.  109 
 110 
1.3.2. Turn on the air valve of the compressor’s controller and start to apply pressure. Operate 111 
the regulator and adjust to the appropriate load value (i.e., 172 kPa) to check the indicator on 112 
the controller. Make sure that the whole area of the sensor sheet is equally pressurized on 113 
the monitor.  114 
 115 
1.4. While applying pressure to the sensor sheets, perform equilibration and calibration.  116 
 117 
NOTE: Equilibration is an operation to adjust the reactivity of the sensor cells equally. 118 
Calibration is an operation to convert the pressure on the sensor sheet (raw sum) into a unit 119 
of weight (grams or Newtons) and display it. Both must be done for the sensor sheet before 120 
starting data collection for each participant. 121 
 122 
1.4.1. Select Tool | Equilibration on the software main window. Click Equilibration1 | Start 123 
in the equilibration dialog box. Check the equilibration result in the dialog box and confirm 124 
the window of equilibration changes color to gray. 125 
 126 
1.4.2. Save the equilibration settings by selecting Tool | Saving Equilibration Settings or click 127 
the Save Settings button in the equilibration dialog box when performing equilibration. Click 128 
Save in the save dialog box to specify the saving destination and file name.  129 
 130 
1.4.3. Next, perform calibration by selecting Tool | Calibration. Click the Add button in the 131 
calibration dialog box. Enter the load value (134.33 N) in the Calibration load box in the point 132 
calibration dialog box.  133 
 134 
1.4.4. Click the Start button in the dialog box. Check the calibration result in the calibration 135 
dialog box and confirm that the calibration was done correctly; the units of the real-time 136 
pressure distribution map are displayed as Newtons instead of Row Sum if the calibration is 137 
done correctly.  138 
 139 
1.4.5. After that, save the calibration setting by clicking Save Calibration Settings in the dialog 140 
box. Click Save to specify the saving destination and file setting name. After equilibration and 141 



calibration, turn off the air valve on the controller and extract the sensor sheet from the 142 
compressor.  143 
 144 
2. Measurement  145 
 146 
2.1. Preparation  147 
 148 
2.1.1. Connect each device and start up the software according to steps 1.1 and 1.2. Make 149 
sure that two real-time pressure distribution maps for each sensor sheet are displayed when 150 
the sensor sheets are connected via the cable at the same time. 151 
 152 
NOTE: In this experiment, two sensor sheets are needed to measure the thumb and index 153 
finger, respectively. It is necessary to perform equilibration and calibration for each of them 154 
according to the procedures described in section 1.4. 155 
 156 
2.1.2. Recall the equilibration and calibration files created in steps 1.4.2 and 1.4.5 from the 157 
real-time window. Make sure that the real-time pressure distribution map is displayed in 158 
Newtons.  159 
 160 
2.1.3. Attach the pressure-sensitive parts of the two sensor sheets to both sides of the iron 161 
cube using double-sided tape. To prevent the sensor sheets from being damaged, cut 3−5 mm 162 
lengths of tape and place them on the four corners on the outside of the iron cube. Make sure 163 
that the surface of the sensor sheet is on the outside. 164 
 165 
2.1.4. Place the iron cube on top of a setting stand on a table before the measurement. 166 
 167 
2.1.5. After arranging the measurement environment, fix the the recording settings for the 168 
total number of frames, frame interval, and number of frames per second. Select the Setting 169 
| Recording Parameter command. In the recording parameter dialog box, enter 36000 in the 170 
total number of frames box, 0.01 in the frame interval box, and 100 in the number of 171 
frames/second box. Click OK and close the dialog box. 172 
 173 
2.2. Starting the measurement 174 
 175 
NOTE: Figure 1 demonstrates a grip and lift task. 176 
 177 
2.2.1. Have the participant sit in front of a table and adjust the table height (participant’s 178 
shoulder joint flexion 0° and elbow joint flexion 90° position). Set the iron cube and setting 179 
stand 30 cm from the participant in the midsagittal plane on the table. Wipe the participant’s 180 
finger pulps with an alcohol swab or towelette. 181 
 182 
2.2.2. Give the participant verbal instructions as follows: “Use minimal force with your thumb 183 
and index finger to grasp both sides of the iron cube to which the sensor sheets are attached. 184 
After that, lift it approximately 5 cm above the setting stand, hold it for 5−7 s, and then place 185 
it back on the setting stand.”  186 
 187 
2.2.3. If the participant is ready, give them a cue to start the task and start recording by 188 



clicking Recording on the toolbar. When the task is over, click Stop on the toolbar. After 189 
recording, save as movie data by selecting File | Save as and click Save to specify the saving 190 
destination and file name. 191 
 192 
NOTE: The weight of the iron cube, number of lifts, and the interval between tasks should be 193 
considered according to the purpose of the experiment and task difficulty. 194 
 195 
2.3. Change the measurement conditions according to the purpose of the experiment. For 196 
example, to investigate the effect of dual task interference in a grip and lift task, adjust the 197 
measurement conditions as follows depending on the type of interference.  198 
 199 
2.3.1. For postural interference, have the participant stand in front of a table and adjust the 200 
table height. Give the participant verbal instructions as follows: “Stand on one leg, and use 201 
minimal force with your thumb and index finger to lift the iron cube approximately 5 cm above 202 
the setting stand. Hold it for 5−7 s and then place it back on the setting stand.” 203 
 204 
2.3.2. For visual interference, have the participant sit in front of a table and adjust the table 205 
height. Give the participant verbal instructions as follows: “Close your eyes. Use minimal force 206 
with your thumb and index finger with to lift the iron cube approximately 5 cm above the 207 
setting stand. Hold it for 5−7 s and place it back on the setting stand.” Allow participants to 208 
touch the sensors without exceeding 0.5 N before closing their eyes.  209 
 210 
2.3.3. For cognitive interference, have the participant sit in front of a table and adjust the 211 
table height. Give the participant verbal instructions as follows: “As a calculation task, 212 
continuously subtract 7 from 100 as accurately as possible. While performing the calculation, 213 
use minimal force with your thumb and index finger to lift the iron cube approximately 5 cm 214 
above the setting stand. Hold it for 5−7 s and place it back on the setting stand.” 215 
 216 
2.3.4. For contralateral hand movement interference (Figure 2), have the participant sit in 217 
front of a table and adjust the table height. Place the peg board 30 cm from the participant in 218 
the midsagittal plane next to the iron cube and consider the size and number of pegs to adjust 219 
the task difficulty. Give the participant verbal instructions as follows: “Manipulate the iron 220 
cube with minimal force using your thumb and index finger. Lift and hold the iron cube 221 
approximately 5 cm above the setting stand with one hand, and invert the peg using the other 222 
hand. Repeat using the opposite hand.” 223 
 224 
3. Data analysis 225 
 226 
3.1. Analysis of grip force 227 
 228 
3.1.1. Start the software on the computer. Click File | Open, select the movie file for analysis, 229 
and click Open in the open dialog box. 230 
 231 
3.1.2. As the recorded pressure distribution map appears, click the Display Multiple Windows 232 
button on the map and open the graph window. Find the point in time when the load (grip 233 
force) starts to be applied in each lift, and note the time with reference to this graph. 234 
 235 



3.1.3. After that, save the grip force data in ASCII format by selecting File | Save as ASCII Data. 236 
In the object-graph1 dialog box, select the File Name and click the ASCII Saving button. In the 237 
dialog box, select Save load, Pressure and Area Values. Make sure that the Load Value in the 238 
Y-axis box, Time in the X-axis box, and Numerical Value in the Y-axis mode box are specified 239 
in the dialog box. 240 
 241 
3.1.4. If information on the contact areas between finger pulps and sensor sheets is needed, 242 
specify Contact Area in the Y-axis box and click the OK button. Click the Save button in the 243 
save dialog box to specify the saving destination and file name and close the software.  244 
 245 
3.1.5. Next, open the movie file and confirm that the file opens in spreadsheet format and 246 
that the load value and time are indicated for each frame number on the spreadsheet. Find 247 
the frame number at which the load starts to be applied in each lift on the spreadsheet and 248 
note the frame number with reference to the time point that was noted in advance.  249 
 250 
3.1.6. Calculate the total grip force used in a range, which is the sum of the load values in the 251 
range from that frame. Specify the range between the frames within the range to which the 252 
load is applied.  253 
 254 
3.2. Analysis of center of pressure 255 
 256 
3.2.1. Start the software. Click File | Open, select the movie file for analysis and click Open. 257 
Display the COP trajectory on the pressure distribution map. 258 
 259 
3.2.2. With the recorded pressure distribution map active, click COF on the toolbar. Make sure 260 
that the COP trajectory appears on the pressure distribution map. Click Play on the toolbar to 261 
play the movie. Click Next Frame to advance frame by frame, find the frame when the COP 262 
starts to appear in each lift on the pressure distribution map and note its number. 263 
 264 
3.2.3. After that, save the values of COP in ASCII format by selecting File | Save as ASCII Data. 265 
Make sure that COF in the type box and All Frame in the saving range box are specified in the 266 
dialog box and click the OK button. Click the Save button in the save dialog box and close the 267 
software once to specify the saving destination and file name. 268 
 269 
3.2.4. Next, open the movie file. Confirm that the file opens in spreadsheet format and the 270 
position of the COP on X- and Y-axes coordinates is shown as a numerical value on the 271 
spreadsheet. Find the frame number when the COP starts to appear in each lift on the 272 
spreadsheet with reference to the frame number that was noted in advance.  273 
 274 
3.2.5. Calculate the COP trajectory length between frames. Select  a cell in the same row 275 
including the number of the frame when the COP starts to appear, and then  previous cells 276 
for both the X- and Y-axes. Insert the following calculation formula: (=SQRT((Row-277 
Row)^2+(Col-Col)^2) into a cell in the same row as the  cells. The sum of the COP 278 
trajectory length between frames in a range is the total COP trajectory within that range.  279 
 280 
NOTE: In the graph window, the vertical line shows the load value (N), and the horizontal line 281 
shows the time (s). This load value corresponds to the grip force. Data saved in ASCII format 282 



can be used in applications such as spreadsheets and text editors. In this experiment, the 283 
participants were instructed to hold the cube for 5−7 s in the task, so the grip force and COP 284 
trajectory were calculated and recorded for 4 s from their first appearance. 285 
 286 
REPRESENTATIVE RESULTS: 287 
Several studies have introduced experimental protocols and two kinetic parameters (the COP 288 
trajectory and the GF) to measure finger force during manipulation of an object. In previous 289 
studies, it was found that the COP trajectory increased in stroke patients9. In cervical 290 
myelopathy patients, the GF correlated with the cutaneous pressure threshold and upper 291 
extremity function10. In healthy young subjects, the GF increased with cognitive 292 
interference11. Similar exaggerated GF was found in contralateral hand movement 293 
interference. Figure 3 shows the COP trajectories and the GF traces of the dominant index 294 
finger in single and dual tasks for representative young and elderly adults. The GF increased 295 
in the contralateral hand movement interference. In contrast, the COP trajectories tended to 296 
decrease (unpublished data). 297 
 298 
Kurihara et al.9 investigated the grip force coordination of grasping in stroke patients. They 299 
found that the COP trajectory increased in the paretic hand, although the GFs were not 300 
significantly different from the nonparetic hand. Hemorrhagic patients showed longer COP 301 
trajectories of the thumb and index finger compared to those in ischemic patients. They also 302 
found that the kinetic parameters were correlated with not only somatosensory function, but 303 
also cognitive function. 304 
 305 
In cervical myelopathy patients, Noguchi et al.10 evaluated the kinetic characteristics of 306 
individual finger grip force and investigated the relationship between the grip force and upper 307 
extremity function. They found that the GF was associated with the severity of hand 308 
dysfunction. Although there was no significant correlation in pinch power or grip power, there 309 
was a positive correlation between the GF and the cutaneous pressure threshold. 310 
 311 
Lee et al.11 investigated dual task interference in a grip and lift task. They reported that the 312 
GF increased in both hands mainly due the dual cognitive task. They also found a correlation 313 
between the perceived difficulty and maximum grip force in the dominant hand.  314 
 315 
FIGURE LEGENDS: 316 
 317 
Figure 1: Grip and lift task. Participants gripped the cube using the thumb and index finger, 318 
lifted it approximately 5 cm, and held it for 5−7 s. 319 
 320 
Figure 2: Dual task interference with contralateral hand movement. Participants performed 321 
a grip and lift task with one hand and simultaneously conducted a peg test with the other. 322 
 323 
Figure 3: COP trajectories and the GF traces of the dominant index finger in single and dual 324 
tasks for representative young and elderly adults. 325 
 326 
DISCUSSION: 327 
This experimental procedure provides evidence that a flexible pressure sensor sheet could be 328 
useful for evaluating spatial stability during precision grip. Altered grip force direction 329 



represents grasping spatial instability such as a finger slip. However, existing load cell-type 330 
force direction instruments have a limitation in terms of ensuring a natural reach-to-grip 331 
movement. To resolve this technical problem, the COP trajectory of the area between the 332 
finger pulps and contact surface based on a biomechanical relationship was monitored. The 333 
results suggest that the COP displacement is caused by divided force direction. Thus, the study 334 
found that the COP trajectory length is a useful kinetic parameter for evaluating the spatial 335 
stability in a precision grip. 336 
 337 
A critical factor influencing the outcome of the experiment was each participant’s 338 
understanding of the experimental protocol. If participants did not understand the aim of the 339 
experiment, they tended to use a relatively large GF in order to avoid spatial instability. 340 
Intentionally exaggerated GF interferes with the evaluation of precision grip. Another factor 341 
influencing the outcome can be the area between the fingertip and contact surface of the 342 
object. If the fingertip is not properly in contact with the surface of the object, the COP is not 343 
estimated appropriately. During practical trials, the examiner must adjust the location and 344 
orientation of the cube. When the cube is not placed properly, the fingertip protrudes from 345 
the edge of the cube, or participants tend to increase trunk and shoulder movements to 346 
compensate for hand orientation for grasping.  347 
 348 
One limitation of the protocol is the unclear biomechanics of the COP. A slip, roll, or twist 349 
between the finger pulps and contact area can account for COP displacement, resulting in 350 
spatial instability. This is because the COP is calculated in the X- and Y- axes. Moreover, it is 351 
technically difficult to link the two COPs of the thumb and index fingers. Although there are 352 
limitations, it is clear that there are benefits to evaluating the spatial stability of grasping using 353 
the COP trajectory. 354 
 355 
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Name of Material/ Equipment Company Catalog Number

Alcohol swab  

Compressor Nitta Corporation 

Computer

Controller of  compressor Nitta Corporation 

Double-sides tapes

Iron cube

Sensor connector

Sensor sheet

Setting stand

Software; I-SCAN 5027, Ver. 7.51 Nitta Corporation 
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Comments/Description

Wipe participant’s finger pulps

Apply pressure to the sensor seats

Use to manupirate the compressor

Use to attach the sensorseats to the iron cube

150-250g, 30×30×30 mm

Connect the sensorseats to computer.

Pressure Mapping Sensor 5027, Tekscan, South Boston, MA, 50 USA

Set the iron cube on it during the measurement

Use for the measurement
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Reply to the editor’s suggestions and comments 

Changes were highlighted with red color in the revised manuscript. 

 

Editorial comments: 

1. Please note that the editor has formatted the manuscript and adjusted the numbering of protocol 

steps according to JoVE guidelines. Please review for accuracy and retain the same style if possible. 

The updated manuscript is attached and please use this version to incorporate the changes that are 

requested. 

Thank you for your kind support. We checked all changes by you and found nothing to add 

or delete.  

 

 

2. Please revise lines 298-302 and 313-314 to avoid overlap with previously published text. 

Thank you for your suggestion. As you pointed out, we revised paragraphs. 

 

3. Please address specific comments marked in the attached manuscript. 

Thank you for your suggestions. We responded to all your comments in the revised 

manuscript.  

 

4. As we can only film 2.75 pages of the protocol, please review and shorten the highlighted portion 

to 2.75 pages. For example, some of the shorter protocol steps can be combined; however, please 

ensure that there are no more than 2-4 actions per step. Note that the highlighted content should contain 

essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most 

cohesive story of the Protocol. Please ensure that the highlighted steps form a cohesive narrative with 

a logical flow from one highlighted step to the next. 

We shorten the highlighted portion within 2.75 pages.  
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