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Abstract  The strength required for motor activities should be exerted effectively according to the type of activity 
and the load size. This study examined the relationship between the accuracy of handgrip exertion for demanded 
forces of 20%–80% of the maximal voluntary contraction (MVC) and laterality. Subjects were 100 healthy young 
males (mean age, 22.4 ± 2.8 years). After the handgrip MVC was measured, subjects attempted to exert a handgrip 
at demanded forces of 20, 40, 60, and 80% of the MVC. All tests were performed twice and with dominant and non-
dominant hands, and mean values were used for statistical analysis. Differences between demanded forces and 
exerted forces were converted into relative values based on each subject’s MVC. Two-way repeated measures 
ANOVA showed significant interaction between demanded forces and laterality. In multiple comparison tests, 
smaller demanded forces were associated with larger errors only in the non-dominant hand. For demanded forces of 
20% and 40% MVC errors were smaller for the dominant hand than for the non-dominant hand. The non-dominant 
hand is used less than the dominant hand in daily life and in sport activities. It is therefore not unexpected that a 
laterality-based difference in the accuracy of exerted force for each demanded force is found, and the accuracy of 
exerted force at low demanded forces was inferior for the non-dominant hand. In conclusion, there was a difference 
in the accuracy of exerted force for each demanded force for the non-dominant hand with a larger error at lower 
demanded forces. In particular, the accuracy of exerted force in response to demanded forces of 40% MVC or less 
was inferior in the non-dominant hand compared with that in the dominant hand. Laterality is therefore a significant 
factor in force response to lower demanded force values. 
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1. Introduction 
Maximal muscle strength is rarely exerted during daily 

movements and activities, while we usually exert 
submaximal strength. However, in some activities 
including sports, it is often necessary to use moderate 
force as well as full power; for example, when striking a 
shuttlecock during a badminton game [1]. It has also been 
demonstrated that, if tennis players cannot adequately 
control the power exerted, the possibility of hitting the 
ball into the net or out of bounds is increased [2]. 
Therefore, it is important to understand the relationship 
between subjectively exerted force and actual output force, 
and the ability to exert force to a target value [2]. In the 
case of submaximal strength exertion, it is necessary to 
consciously or subconsciously estimate the degree of 
exertion required for a demanded task. 

To perform subjective force exertion accurately, it is 
necessary to frequently experience the specific force 
output level [3]. The accuracy of subjective force exertion 

is based on past experiences and learning, and the ability 
to generate the appropriate output force is closely related 
to the ability to accurately control output force [4]. The 
accuracy of the output force generated increases through 
repeatedly receiving feedback on objective external 
information (measured values) and the comparison of 
information on internal sensory stimuli from muscles and 
tendons, joints, and the skin, with that external 
information. 

However, in most activities of daily life, force exertion 
is subconsciously controlled and is not treated as the 
external information on force output values. Therefore, 
even when offered concrete values as targets for force 
output, it is not possible to accurately determine the 
difference (error) between the output values controlled by 
subjective information and the actual force output. 
Because the degree of the force exertion required to 
correct error is controlled in reference to maximal 
voluntary contraction (MVC) measured in advance, it is 
assumed that it would be more difficult to judge the force 
exertion level at lower demanded force values. 
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Furthermore, controlled force exertion may be affected 
by laterality [5]. The concept of laterality means that one 
arm or leg is superior in strength and/or coordination 
[6,7,8]. Based on the preference for one limb over the 
other in activities of daily life, a dominant side develops 
[9,10,11]. Noguchi et al. [5] reported that the control of 
force exertion when adjusting the actual grip force to a 
wave shown on a computer display showed clearer 
laterality than maximal strength exertion.  

The dominant hand is used more frequently than the 
non-dominant hand, and has greater and broader 
experiences of motor tasks performed in the past. 
Therefore, it is assumed that the accuracy of movement 
learning and output mechanisms involved in converting a 
perceived required force to an actual output force would 
be better in the dominant hand. However, in the 
experiment by Noguchi et al. [5], visual feedback 
information was given to the subjects. To date, the effect 
of laterality in controlled force exertion in response to 
subjective information has not been widely investigated. 
This study aimed to examine the accuracy of handgrip 
strength exertion at demanded forces of 20%–80% of the 
MVC, and to assess the relationship with laterality. 

2. Methods 

2.1. Subjects  
Subjects were 100 healthy young males (mean age, 22.4 

± 2.8 years; mean height, 171.8 ± 5.4 cm; mean weight, 
64.4 ± 6.3 kg; dominant handgrip strength, 51.1 ± 8.3 kg; 
and non-dominant handgrip strength, 47.7 ± 8.3 kg). All 
subjects were judged to be right-hand dominant based on 
Demura’s Handedness Inquiry [12]. Before the 
measurements, the aim and procedures of the study were 
explained in detail and informed consent was obtained 
from all participants. This experimental protocol was 
approved by the Ethics Committee on Human 
Experimentation of the Faculty of Human Science, 
Kanazawa University (Ref. No. 2012-02). 

2.2. Procedures  

2.2.1. Maximal Handgrip Strength Measurement 
A Smedley-type hand dynamometer (ED-D100R; 

Yagami Inc., Nagoya, Japan), which can measure 
strengths of 0–979 N (99.9 kg) with a ±2% accuracy, was 
used to measure handgrip strength. The maximal handgrip 
strength test was carried out with the subject holding the 

arm straight down at the side of the body while standing 
and looking straight ahead, as described by Crosby et al. 
[13] and Nagasawa and Demura [8]. Subjects were 
instructed to exert maximal grip after a tester’s signal. 
Handgrip strength was measured twice for each hand with 
a 2-min rest between trials. The maximum handgrip 
strength measured for each hand was used as the basis for 
the calculation of each demanded force. 

2.2.2. Subjective Exerted Force Measurement  
Demanded forces selected for the subjective exertion 

force test were 20%, 40%, 60%, and 80% of the MVC. 
Two trails separated by a 2-min rest were performed for 
each demanded force. Measurements were performed with 
increasing demanded forces, starting with 20% MVC. The 
measurements were performed with the dominant hand 
and the non-dominant hand for all subjects. The 
measurement device was covered, and so the subjects 
were not provided with feedback on the measurement 
values. 

2.3. Evaluation Variable 
The maximal handgrip strength differs among 

individuals. Therefore, we used the relative error (%) as 
the evaluation variable. It was calculated using the 
following formula:  

 ( )the relative error % [{(subjective exerted force
demanded value) / maximal handgrip strength} 100]

=

×－
(1) 

2.4. Statistical Analysis 
Intraclass correlation coefficients (ICC) for each test 

were calculated to evaluate trial-to-trial reliability. Two-
way repeated measures analysis of variance (ANOVA: 
demanded force × dominant/non-dominant hand) was 
used to reveal the differences among means for each 
condition. When a significant interaction or main effect 
was found, multiple comparison tests were performed 
using Tukey’s honestly significant difference method. In 
addition, regression and intercept coefficients were 
calculated using the mean errors for each condition. 
Statistical significance (α) was set at p < .05. 

3. Results 
Table 1 shows the ICCs for each demanded force. All 

variables showed high ICCs >0.71 (ICC = 0.71–0.91). 

Table 1. ICCs of each demand value 

 
20% MVC 40% MVC 60% MVC 80% MVC 

ICC F value p ICC F value p ICC F value p ICC F value p 
Dominant hand 0.84 2.50 0.12 0.73 3.29 0.07 0.75 1.93 0.17 0.71 2.38 0.13 

non-dominand hand 0.91 3.20 0.08 0.73 0.02 0.90 0.73 2.33 0.13 0.73 1.04 0.31 

Table 2. The results of two-way ANOVA (demanded value x dominant/non-dominant hand) 
 20% MVC 40% MVC 60% MVC 80% MVC   

Unit (%) Mean SD Mean SD fvtean SD K/tean SD  F P post-hoc 
do minant hand 8.7 6.7 7.2 4.9 7.6 5.8 7.6 5.8 F1 1 5.99 " 0.01 non-do minant: 20 > 40 > 60 > 80% MVC 

non-dominant hand 13.6 8.2 10.4 6.7 9.1 5.2 9.1 5.2 F2 34.75 " 0.01 20, 40% MVC: ±i minant < no n-±i minant 
     IN 14.31 " 0.01  

F1=demanded value, F2=dominant/non-dominant hand, IN=interaction 
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Table 2 shows the results of two-way ANOVA and 
multiple comparison tests. A significant interaction was 
found (F (3, 297) = 14.3, p < 0.05). Multiple-comparison 
tests showed that, in the non-dominant hand, the error for 
a demanded force of 20% MVC was larger than that for 
all other demanded forces, and the error at 40% MVC was 
larger than at 80% MVC. The errors for the non-dominant 
hand for demanded forces of 20% MVC and 40% MVC 
were larger than that for the dominant hand. Regression 
analysis of the errors for each demanded force in the non-
dominant hand was significant (regression: -2.14, p < 0.05, 
intercept: 15.35, p < 0.05). 

4. Discussion 
This study aimed to examine the accuracy of handgrip 

strength exertion to demanded forces of 20%–80% of the 
MVC and the effect of laterality. Maximal force exertion 
is not required for the fine control of movements. When 
performing activities of daily life, the output force 
required is generally subconsciously estimated and exerted. 
In the present study, the force required was controlled in 
reference to the MVC measured previously. Therefore, it 
was expected that it would be more difficult to judge the 
force exertion level at lower demanded forces. In addition, 
because the dominant hand is used more frequently in 
daily life, with greater accumulated experiences of motor 
tasks performed in the past, the accuracy of force exertion 
would be expected to be higher than in the non-dominant 
hand. We hypothesized that the higher the demanded force, 
the lower the error between the demanded and actual force, 
and that the accuracy of applying the demanded force 
would be inferior in the non-dominant hand compared 
with that in the dominant hand. 

In human motor learning, there are two types of 
information: that based on internal sensory stimuli 
including information from muscles and tendons, joints 
and the skin, and that based on external stimuli including 
visual information. Providing feedback based on 
information from internal or external stimuli, or both 
repeatedly, improves the accuracy of movements [14]. For 
example, in the case of voluntary force exertion, when 
exerting, the MVC subjects are conscious of internal 
information and have subjective control over the exerting 
force [2]. However, when there is no external information, 
it is assumed that a small force exertion will incur a 
greater error because the force required is considerably 
less than the MVC. This hypothesis was accepted in the 
non-dominant hand, but not in the dominant hand. In the 
non-dominant hand, the minimum demanded force of 20% 
MVC was associated with the largest error, and as the 
demanded force increased, the error decreased. However, 
for the dominant hand, there were no significant 
differences among the errors for each demanded value. 
Laterality was demonstrated for demanded forces below 
40% MVC. 

It has been suggested that the development of 
controlled force exertion ability is affected by acquired 
factors and that laterality becomes more marked over time 
[15]. Because the dominant hand is more frequently used 
in daily life and is more exposed to various stimulations, it 
was predicted that the dominant hand would perform 
better in matching demanded forces owing to their 

experiences. The non-dominant hand tends to exert excess 
force with more muscle rigidity than the dominant hand. 
Furthermore, because the non-dominant hand does not 
develop motion output mechanisms from the central 
nervous system to the effector to the extent of the 
dominant hand, it is difficult to control force exertion with 
the non-dominant hand. 

The above mechanisms can explain the differences 
between the dominant and non-dominant hands. However, 
all subjects in the present study were right-hand dominant. 
If subjects were left-handed dominant or ambidextrous, 
different results may have been obtained. Therefore, in the 
future, a reexamination of the present problem using 
subjects with a full range of laterality is required to 
generalize of the experiment’s result. 

This study demonstrated that, when attempting to match 
output forces to demanded forces, regardless of the size of 
demanded forces, errors in the dominant hand were almost 
constant. In contrast, only the non-dominant hand errors 
differed among the demanded forces, with a larger error 
for lower demanded forces. Compared with the dominant 
hand, the non-dominant hand showed inferior accuracy for 
matching exerted force to demanded force at values of 
40% MVC or less; thus, it showed that laterality is 
observed. 
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