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Introduction 
It is commonly understood that pinch grasp, 
where only the tips of the thumb and fingers 
contact the object, is used for light objects and 
precision tasks. And oppositely, cylindrical 
grasp, where the hand palm also contacts the 
object, is used in power tasks. 
Previous works analysed the grasping posture 
and contact pressures for cylindrical objects 
[Borbounnais, 2008, Pataky, 2012] but having 
specified in advance a type of grasp (pinch or 
cylindrical) for the experiment. In the present 
work we investigated how the size and weight 
of cylindrical objects influence the free 
selection between pinch and cylindrical grasps. 
Although we anticipate a preference for the use 
of pinch grasp with light and small cylinders 
and cylindrical grasp with heavier and wider 
ones, we do not know how many finger tips 
will be preferred in each case, nor the point 
where transition from pinch to cylindrical 
grasp is produced. We also investigated if 
grasp selection is based on any strategy of 
minimising total grip force, peak contact 
pressure or mean contact pressure. 
 
Methods 
Six subjects (3 men and 3 women) participated 
in the experiment. Each subject randomly 
grasped seven different cylinders (table 1) 
three times, using first a free grasp type and 
then each one of four prescribed grasp types: 
pinch with two, three or five fingers (2F, 3F, 
5F) and cylindrical grasp (Cyl).  
 
Cylinder Diameter (mm) Weight (gr) Height (mm) 

c1 35 469 210 
c2 50 193 210 
c3 50 469 210 
c4 50 780 210 
c5 50 1117 210 
c6 65 469 210 
c7 90 469 210 

Table 1: Characteristics of cylinders 
 
The subject, seated at a table, picked up the 
cylinder (resting on the table in vertical 
orientation), and transported it to a new 
position 15 cm farther. The subject’s hand was 
instrumented with a sensor to measure instant 
contact pressures in the different parts of the 
hand (Grip 4256-E, Tekscan). The grasp type 

used in free grasping was classified as 2F, 3F, 
5F or Cyl through the sensor pressure maps 
time histories. Maximum values of grip force, 
peak pressure and mean pressure in the hand 
during experiments were used to analyse the 
strategy used for grip type selection. 
 
Results 
Most selected grasp type in free grasping was 
5F (19), followed by 3F (15), 2F (6) and Cyl 
(2). Clear effect of weight and size was only 
observed for c2 (3F predominant) and c7 (5F 
predominant). Transition from pinch to Cyl 
grasp was difficult to establish as Cyl was 
freely selected only in two cases. For each 
subject, mean pressure and grip force for free 
grasping are similar to the minimum among 
grasp types, except for heaviest cylinders (c4, 
c5) where pressure and grip force tend to the 
maximum among grasp types, especially for 
women (Fig. 1). 

 
 

Figure 1: Mean pressure for two subjects 
 
Discussion 
Pinch with 5F is predominant for grasping 
cylinders in the range of sizes and weights 
analysed in this study. Additional work is 
needed to establish the transition from pinch to 
cylindrical grasp. Grasp type seems to be 
selected in order to reduce mean pressure, 
except for heaviest objects, where grip force 
dominates the strategy. 
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