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SUMMARY 

This study investigates the role of cutaneous feedback on 

maximum voluntary force production during a multi-finger 

pressing task. Twenty young healthy males participated in the 

study. Cutaneous feedback was removed by administering ring 

block anesthesia in  the proximal phalange of the fingers. 

Participants were instructed to press one dimensional force 

sensors with individual (index, middle, ring, and little) fingers 

and all the four fingers together, in normal as well as 

anesthetized conditions. Results from the study show a 

significant decrease up to 25% in the maximum force 

production with the removal o f cutaneous feedback. It is 

suggested that removal of cutaneous feedback might result in 

an increased perception of forces, thus decreasing the 

magnitude of motor commands flowing down to the hand 

muscles which manifests as lower maximum voluntary force.  

 

INTRODUCTION 

The human hand is one of the most versatile  organs of the 

body and is the primary tool by which we manipulate the 

objects in the environment. Maximum voluntary force (MVF) 

production by the fingers is an essential part of performing 

daily tasks. Also, several behavioral aspects of MVF during 

multi-finger pressing have been well documented in the 

literature. As compared to the grasping and lift ing, pressing 

tasks are computationally simpler and impose less mechanical 

constraints on the system. Maximum voluntary force is 

thought to depend on the central as well as biomechanical 

factors, although the exact  mechanism of these behaviors is 

not yet known [1].   

 

One of the most important sensory feedback mechanisms 

during dexterous manipulat ions is the cutaneous feedback 

from the digits [2, 3]. Several studies have investigated the 

effect of cutaneous feedback on the perceived heaviness of the 

object being manipulated by removing feedback altogether 

using digital anesthesia [4, 5]. However, little is known about 

the role of cutaneous feedback in maximum voluntary force 

production. The purpose of this study is to investigate the role 

of digital anesthesia on the maximum voluntary force and 

finger force deficit during a maximum force production 

pressing task. It is hypothesized that with the loss of cutaneous 

feedback, the perception of forces being generated by the 

fingers will change, leading to a change in maximum 

voluntary force.  

 

METHODS 

Twenty healthy males (age: 23.951.00 years, body mass: 

68.005.21 kg, height: 174.675.59 cm), without any history 

of neurological disorders, participated in  the experiments. All 

of them were right handed according to the criteria of 

Ed inburgh handedness test. All the subjects gave informed 

consent based on the procedures approved by the Korea 

University.  

 

The experimental setup included four two-directional (tension 

and compression) force sensors for four fingers  with 

amplifiers (Models 208 M182 and 484B, Piezotronics, Inc.) 

Details of the setup have been exp lained elsewhere [6].  

Five conditions (one for each finger and all the four fingers 

combined) for the MVF task was presented to the subjects. 

Subjects were shown a horizontal bar on the screen, which 

moved vert ically down as they pressed the sensors. One trial 

was performed for each MVF condit ion with index, middle, 

ring, little, and all four fingers together. 

 

The same process was repeated for two different experimental 

conditions. In the first condition, subjects were asked to press 

the sensors and follow the experimental protocols in the 

normal condition. In the second condition, a local anesthesia 

(Lidocaine HCI 1%, DaiHan Pharm. Co., Ltd., Seoul, 

KOREA) was injected in the proximal phalanges of all the 

four fingers (0.35 cc. per finger) and monofilaments were used 

to ensure that subjects do not get any cutaneous feedback. 

MVF was recorded for indiv idual and four finger tasks, before 

and after the administration of anesthesia.   

 

       



RES ULTS AND DISCUSS ION 

The MVF values decreased significantly  for the individual 

fingers after the administration of local anesthesia (Figure. 

1a). The results were supported by ANOVA (F1,38=14.20, 

p<0.001). The MVF values for all the four fingers combined 

also decreased significantly after the admin istration of local 

anesthesia. The results were supported by ANOVA 

(F1,19=46.09, p<0.001). In the normalized  condition, a similar 

pattern of MVF was observed (Figure. 1b). After the 

administration of local anesthesia, the MVF decreased to 

approximately  75% for MVF in normal conditions. The results 

were supported by ANOVA (F1,38=14.38, p<0.001 and 

F1,19=46.09, p<0.001 respectively). The MVF produced by the 

index finger was the greatest, followed by the middle finger, 

ring finger and the little finger in both the experimental 

conditions. The results were supported by ANOVA (F3,114= 

04.13, p<0.001). 
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Figure 1 (a) Maximum voluntary force p roduced by the 

subjects in the normal condition (grey bars) and after the 

administration of anesthesia to the distal phalanges of the 

fingers (white bars). (b) MVF in the two conditions, 

normalized by the maximum force being produced in the 

normal condition. Mean and standard errors are shown across 

the subjects (** = p<0.01, *** = p<0.001). I, M, R and L 

represent the index, middle, ring, and little fingers 

respectively.  

Results from the experiment show that maximum pressing 

forces generated by the subjects decreased significantly in all 

the finger combinations, thus confirming our hypothesis . In 

relevance to this experiment , there is only one previous study 

specifically measuring the changes in MVF after the 

administration of anesthesia during pinch grip  tasks. Results 

from that study also showed a significant decrease in the 

gripping force. However, the investigators did not comment 

on the mechanism which might be responsible for this 

observation [7]. 

 

Previous studies have suggested that the amount of the motor 

command from the CNS during a dexterous manipulat ion task 

depends on the reflex facilitation or inhib ition by the 

peripheral sensory inputs [4, 8].  Results from this study 

suggest that the loss of cutaneous feedback might result in the 

overestimation of the forces that are being applied by the 

fingers. With an increased perception of applied forces, the 

magnitude of motor command drops down and the actual 

forces being generated by the fingers reduce as well. To the 

best of our knowledge, this is the first study investing the role 

of cutaneous feedback on maximum voluntary force 

production. The study raises important questions about the 

role o f other sensory modalities and their interactions on 

maximum force production and would form the basis for our 

future studies. 

 

CONCLUS IONS  

Results from this study revealed a significant decrease in the 

maximum voluntary force production by the dig its in a 

pressing task, with the removal of cutaneous feedback. 
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