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SUMMARY 

The purpose of this study was to characterise the temporal 

regulation of the thumb and index finger in a simple, but 

natural movement. In particular the study was concerned with 

determining the time delay between the two digits contacting 

an object with a pinching movement and the delay between 

the digits when releasing.  Two force transducers (sampled at 

5000 Hz) were attached to a wooden block in order to 

determine contact timings of the thumb and index finger 

during simple pinching and releasing movements.  Twelve 

subjects performed 50 trials each under two conditions; 

normal paced and controlled pace.  Force onset and offset 

were determined using three standard deviations from the 

resting signal.  Synchronization between fingers was generally 

better for releasing than pinching.  During pinching the best 

performers had a mean offset of just over 5 ms (group mean 

12 ms) and just over 3 ms (group mean 7 ms) for releasing.  

The results show a limit to which this group can perform self-

timed grip and release activities and that the coordination limit 

depends on the nature of the movement. 

 

INTRODUCTION 

Relative timing can be a powerful constraint in complex, 

multi-degree of freedom movements [1].  Many everyday 

activities include pinching and releasing movements (coming 

together of the thumb and index finger) to secure and 

manipulate small or irregular shaped objects.  Release timing 

of grip is also important in throwing activities.  Optimal 

movement magnitude and direction of force exerted by the 

thumb and index finger tip during pinching movements has 

previously been analysed [2], however, the temporal 

coordination limits of the movement has not.  This timing is 

crucial for dexterous manipulation both in terms of fully 

releasing the object and with regard to potential unbalanced 

forces acting on it with asynchronous release of the digits.  

The aim of the study was to determine how accurately people 

can coordinate the thumb and index finger in simple pinching 

and releasing tasks.  

 

METHODS 
Twelve right-handed subjects (age 19-28 years) with no 

history of hand impairment or prior injury were recruited for 

the study.  The experiment required the subjects to produce 

pinching and releasing movements on a custom-made wooden 

block which had force transducers mounted to it to detect the 

contact of the thumb and index finger (Figure 1).  The 

pinching and releasing movements were performed under two 

speed conditions; Normal and Controlled.   

 

 
Figure 1: Finger releasing from the apparatus 

 
In both conditions the subjects were instructed that the 

movement should be performed so that both digits contact and 

then leave contact with the sensors simultaneously.  In the 

Normal speed condition, the subjects were instructed to close 

and open the two digits as quickly as possible.  No specific 

strategies for moving the digits were provided.  In the 

Controlled speed condition subjects were instructed to perform 

the task at a relatively slow speed and concentrate on the 

movement path of both digits.  The subjects were also 

provided with strategies such as the initial placement of the 

fingertips relative to the force transducer.   

 

Each subject performed 50 pinch and release movements 

under each condition, which were interspersed with rest 

periods to prevent fatigue.  Force data were captured at 5000 

Hz and subsequently low-pass filtered in both forward and 

reverses directions using a fourth order Butterworth filter with 

a 50 Hz cut-off frequency.  Force onset and offset were 

automatically determined using three standard deviations 

above the resting signal (Figure 2).  

 

RESULTS AND DISCUSSION 

The mean delay in the onset of force between the thumb and 

the index finger during the Normal and Controlled conditions 

were both 12.0 ms (Normal range 5.2-21.8 ms, Controlled 

range 5.7-25.0 ms) (Table 1).  The mean delay in the offset of 

force during the Normal and Controlled condition was 7.9 ms 

(range 3.7-12.2 ms) and 6.3 ms (range 3.5-9.1 ms) 

respectively (Table 2).  The onset delay during pinching had a 

considerably wider range than the offset delay during 

releasing.  The mean offset delay was significant shorter than 

the mean onset delay for all subjects (t test, P < 0.05).   

 



 
Figure 2: Thumb force onset and offset of subject 7 trial 5. 
The upper figure is the force profile of the thumb, the lower is 

the horizontal flipping of the force profile.  Red dots are first 

contact or full release. 

 

The results indicate that the temporal accuracy of releasing is 

greater than pinching.  When the subject performed the release 

from the force transducer, the hand movements were limited 

to extension at interphalangeal (TH) joints of the thumb and 

proximal interphalangeal (PIP) joint of the index finger.  At 

the start of the release movement only TH and PIP joint 

extension was required.  In contrast, more joints were required 

to perform the pinching movement.  The MP joint probably 

needed to slow down rotation to cope with the angular 

velocity of PIP joint [3]. 

 

Table 1: Pinching onset in Normal and Controlled conditions 

Subject 

Normal 

Pinch 

Controlled 

Pinch 

Mean Std Mean Std 

1 10.5 7.2 10.8 8.7 

2 7.7 6.5 8.6 5.8 

3 11.4 4.1 11.4 3.4 

4 17.0 8.3 6.2 5.5 

5 12.0 11.6 18.0 15.2 

6 21.8 20.9 25.0 16.4 

7 14.4 14.0 7.2 5.2 

8 11.0 5.8 10.4 5.7 

9 13.5 9.1 19.2 11.2 

10 8.0 5.8 12.5 9.7 

11 11.1 8.8 8.6 7.7 

12 5.2 3.9 5.7 3.8 

 

The best subjects were able to perform voluntary pinching 

with a synchronisation offset for the thumb and index finger of 

just over 5 ms.  Even when the subjects slowed their 

movements and focused on the path of thumb and index finger 

in the Controlled condition, one third of the subjects were not 

able to improve their synchronisation offset (Table 1).  More 

than half of the subjects were unable to produce a mean 

synchronisation offset between the thumb and index finger of 

less than 10 ms, irrespective of the speed condition.  

 

Table 2: Releasing offset in Normal and Control condition 

Subject 

Normal 

Release 

Controlled 

Release 

Mean Std Mean Std 

1 4.1 3.5 4.4 3.5 

2 3.7 2.9 3.5 2.8 

3 8.7 8.2 7.6 4.9 

4 6.7 7.7 5.9 4.4 

5 9.7 11.6 4.8 4.7 

6 5.6 4.8 3.9 3.3 

7 12.2 10.0 8.7 4.5 

8 8.3 7.1 9.1 15.8 

9 12.0 16.0 6.7 6.4 

10 8.8 6.3 7.3 4.6 

11 9.1 7.1 7.0 6.3 

12 6.1 4.2 6.9 4.3 

 

However, when attempting a simultaneous release of the 

thumb and index finger from the force sensors the best 

subjects were able to achieve a mean offset of between 3-4 ms.  

Seven out of the 12 subjects were able to improve their 

synchronisation offset by performing the movement at a 

controlled pace and concentrating on the path of both digits 

(Table 2).  Unlike the pinching movement, all subjects were 

able to achieve a synchronisation offset than 10 ms during 

releasing. 

 

CONCLUSIONS 

In the present study the coordination timing limits of simple 

pinching and releasing under different tasks requirements were 

investigated.  The results showed there is a limit to which 

people can perform self-timed activities and that the limit 

depends on the nature of the movement.  The coordination 

timing limit for performing a simultaneous release appears to 

be around 3-4 ms for best performers in the group, whereas 

the best performances of pinching were between 5-6 ms.  

Inclusion of these limits in future work on modeling of 

manipulation of objects and throwing will allow for more 

biofidelic control timings and strategies to be investigated. 
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