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Abstract

In elbow flexion, accuracy of force exertion on demand values might differ
between dominant and non-dominant hands. This study examined laterality
and accuracy of force exertion in elbow flexion. The participants were 22
right-handed, healthy young males (mean age 22.6 + 4.3 yrs, mean height
172.7 £ 7.0 cm, mean mass 75.0 + 12.3 kg). Demand values of 25%, 50%, and
75% of maximum voluntary contraction (MVC) were selected. Using subjec-
tive judgment, the participants exerted the elbow flexion strength of each arm
on each demand value. Evaluation parameters were differences (errors) be-
tween demand and exertion values and their total error. The results of a two-
way ANOVA (dominant and non-dominant arms x demand value) showed
significant interaction. In multiple comparison tests, errors were greater in
25% MVC than in 50% and 75% MVC for both arms. However, no significant
difference was found between arms. In conclusion, in both dominant and
non-dominant arms, accuracy of force exertion in elbow flexion does not
show laterality and is higher in greater demand values (over 50% MVC) than
in lesser values (25% MVC).
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1. Introduction

So far, a few tests have been developed to evaluate accuracy in upper-limb force
exertion. Kitabayashi et al. (2013) examined the accuracy of subjectively judged
pinch-strength exertion on each demand value. Many researchers (Kubota and
Demura, 2011; Kubota et al., 2012), including Nagasawa et al. (2013), have ex-
amined the ability to exert a handgrip coordinated with adjusting an index

shown on a screen. These studies mainly targeted force exertions of a hand or
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fingers; errors between demand and exertion values have generally been used as
an index of force exertion accuracy. On the other hand, according to Demura et
al. (2012), upper-limb movements are divided roughly into two types according
to related joints: one large joint (elbow flexion) and plural small joints (hand-
grip). The agonist muscle or muscular innervation ratio differs between elbow
flexion and handgrip (Voss, 1971). In short, muscle groups participating in
achievement of movement differ according to the body parts exerting strength.
Hence, force exertion accuracy on each demand value might differ between el-
bow-flexion and handgrip movements.

Furthermore, each human body part with a bilateral symmetry shows a func-
tional right and left difference called “laterality” (Dolcos et al., 2002; Bohannon,
2003; Roy et al., 2003; Noguchi et al., 2009). Laterality is found particularly in
functions of fingers, for instance, using a spoon or writing letters, and results
from preferential, frequent use of one hand in daily life activities. Kitabayashi et
al. (2013) reported that an error between demand (50% MVC) and exertion val-
ue in pinch strength was less in the dominant than in the non-dominant hand,
and laterality was found in its accuracy. In addition, Seki and Ohtsuki (1995)
reported that an error between demand and exertion values in force exertions of
the upper limb (e.g., handgrip movement, the abduction movement of fingers,
etc.) showed a little difference between dominant and non-dominant hands. In
other words, laterality in accuracy of force exertion might differ according to the
body parts exerting strength and the method of exertion, even in various move-
ments of the same upper limb. In daily life, persons exert—while to some extent
predicting—only the strength needed to achieve a movement, rather than exert-
ing maximal strength. However, such force-exertion sense decreases with age
(Yoshitake et al., 2011), and this decrease complicates the achievement of smooth
and effective movements, thereby interfering with daily life activities. However,
the accuracy of force exertion of sub-maximum elbow flexion and laterality has
been scarcely examined.

Therefore, this study examined the accuracy of force exertion in elbow flexion

on each demand value and laterality.

2. Methods

1) Participants

The participants were 22 healthy young males (mean age 22.6 * 4.3 yrs, mean
height 172.7 + 7.0 cm, mean mass 75.0 £ 12.3 kg). All were judged to be right-
handed, based on Demura et al.’s (2009) dominant hand survey. We explained to
participants the experimental purpose, methods, and risks and obtained their
consent. The study protocol was approved by the Ethics Committee on Human
Experimentation of the Faculty of Human Science, Kanazawa University (ap-
proval number: 2012-02).

2) Experimental Equipment and Methods

Each participant sat sideways on an adjustable chair and placed an axilla on

the table’s edge keeping the forearm supinated. After a participant touched his
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palm to the chair’s handle, isometric strength exertion by elbow flexion (joint
angle of 90 degrees) was measured. The participants performed the MVC test
twice with both arms, and a higher value was used as the MVC. Demand values
selected for force exertion tests were 25%, 50%, and 75% of maximal elbow flex-
ion strength based on a previous study (Seki and Ohtsuki, 1995).

Two trials, with a 2-min rest interval, were performed for each demand value.
We did not feed a measurement value back to the participants, who were divided
randomly into two groups, one group beginning the trials with the left arm, and
the other with the right.

Thereafter, the participants selected at random the enforcement order of de-
mand values for each arm from the following six MVC patterns: O 25%—>
50%—>75%, @ 25%—>75%>50%, @) 50%—>25%->75%, @ 50%—>75%->25%,
® 75%—>25%>50%, and ® 75%—>50%—>25%. Differences (errors) between
demand and exerted values for each trial (25%, 50%, and 75% MVC) were cal-
culated. Assuming that a smaller error is superior for accuracy of force exertion,
the lesser error of two trials was used as a parameter.

3) Parameters

Presumably, when subjects repeat ten trials for each demand value, errors be-
tween demand and exertion values decrease as the trials progress, but they are
even fewer with feedback.

We calculated the following: differences (errors) between the demand and ex-
erted values for each trial, a mean error of the first and second trials (the first
mean) and the ninth and tenth trials (the last mean), and a change ratio (the first
mean/the last mean). In this study, the first and last mean errors and the change
rate were used as parameters.

4) Data Analysis

Intra-class correlation coefficient (ICC) for each test was calculated to ex-
amine reliability. A two-way ANOVA (demand value x dominant/non-domi-
nant arms) was used to examine differences among mean errors. When a signif-
icant interaction or main effect was found, a Tukey’s Honestly Significant Dif-
ference (HSD) test was used for a multiple comparison. A t-test was used to ex-
amine the difference between the total errors of dominant and non-dominant

arms. The level of significance was determined to be 0.05.

3. Results

In the dominant arm, the ICCs of error were 0.94 in 25% MVC, 0.84 in 50%
MVC, and 0.78 in 75% MVC; in the non-dominant arm, they were 0.95 in 25%
MVC, 0.87 in 50% MVC, and 0.96 in 75% MVC.

Table 1 shows the basic statistics of the errors of elbow flexion strength ac-
cording to demand values and dominant and non-dominant arms, and results of
the two-way ANOVA. Significant interaction was found. Multiple comparison
tests showed that an error was greater in 25% MVC than in 50% and 75% MVC
for both arms.

Table 2 shows the basic statistics of total error according to dominant and
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Table 1. Basic statistics of the errors of elbow flexion strength according to demand val-
ues and dominant and non-dominant arms, and results of the two-way ANOVA.

F-Value
25% MVC 50% MVC 75% MVC (degree  p-value Post-hoc
offreedom)
Dominant,
Non
dominant;
Mean SD Mean SD Mean SD Fl: 596x(1.21) 0.02
25% MVC >
50% MVC,
75% MVC
Dominant
(%) 16.8 139 6.9 7.1 5.4 59 F2: 12.36x(242) 0.00
Non
dominant 19.5 17.3 11.0 7.2 7.3 122 F3: 6.65x(2.42) 0.00
(%)

P <0.05, F1: demand value, F2, dominant/non-dominant arms, F3: interaction.

Table 2. Basic statistics of total error according to dominant and non-dominant arms and
results of the t-test.

Dominant (%) Non dominant (%)
Mean SD Mean SD t-value p-value
29.1 194 37.8 26.3 1.84 0.08

non-dominant arms and results of the t-test. No significant difference was found

in any demand values.

4. Discussion

The ICC showed a higher value than 0.75 in both dominant and non-dominant
arms. In short, results confirmed that the subjective force exertion of elbow
flexion in both arms had high reliability. According to Kubota et al.’s report
(2012), which examined the reliability of controlled force exertion in a handgrip
movement, the ICC ranged from 0.69 to 0.83 and did not show a difference be-
tween dominant and non-dominant hands, but in this study, the ICC was high-
er. Presumably, reliability among trials of force exertion tests in this study was
high. The present results showed that errors between demand and exertion val-
ues in subjective force exertion of elbow flexion were greater in 25% MVC than
in 50% and 75% MVC in both arms, and that the accuracy of force exertions
differed among demand values. In this study, we did not reveal to the partici-
pants their first measured value as outside information. Hence, the participants
might have been conscious of when they exerted maximum elbow flexion
strength in force exertions for each demand value. Among demand values, 25%
MVC was the least and the furthest from maximum strength, and thus its error
might be the greatest. In addition, 75% MVC is near maximum strength, and
50% MVC is mid-strength. From the present results of the elbow flexion move-
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ment, persons can more nearly achieve force demand values over 50% MVC
than at 25% MVC. In addition, Noguchi et al. (2014) reported no significant dif-
ference among demand values of 20%, 40%, 60%, and 80% MVC in short in ac-
curacy of handgrip exertions, regardless of differences in demand values. Al-
though handgrip movement uses plural small joints, and the innervation ratio of
muscle groups of the hand and fingers related to movement is high, elbow flex-
ion movement uses a single large joint, and the innervation ratio of the biceps
brachii muscle with its agonist is low (Nagata et al., 1976). Hence, the former
muscle groups (handgrip) easily exert strength to adjust to demand values, but
the latter muscle (biceps brachii) show difficulty performing minute force exer-
tion. For elbow flexion, 25% MVC lower than maximum strength, in particular,
shows large error; thus, accuracy of force exertion on demand values might also
differ.

The errors of each demand value and the total error did not show differences
between dominant and non-dominant arms. Furthermore, laterality was not
found in the accuracy of elbow flexion force exertions. Kitabayashi et al. (2012)
reported that an error between demand (50% MVC) and exertion values in
pinch strength exertion is less in the dominant than in the non-dominant hand.
Noguchi et al. (2014) reported that the accuracy of force exertions in 20% and
40% MV C showed laterality. On the other hand, Seki and Ohtsuki (1995) found
little difference between dominant and non-dominant hands in an error between
demand and exertion values in force exertions of handgrip and the abduction
movement of fingers. In fact, the laterality of error between demand and exer-
tion values in force exertion of the hand and fingers did not always agree. Ia
nerve fibers of muscle spindle contribute to control of strength exertion (Yoshi-
take et al., 2004), and density of muscle spindle differs according to muscles:
finger muscles used to performing movements requiring strong motor skill have
high density (Voss, 1971). Hence, they are considered superior in their ability to
adjust strength exertion. In contrast, since biceps brachii, the agonist muscle of
elbow flexion, is little used for movements requiring motor skill, marked lateral-
ity might not occur.

In daily life, we have many opportunities to lift or hold things. Hence, similar
to handgrip, maintaining and improving our force-exertion sense about elbow
flexion is important. This study’s results indicate that, for elbow flexion, en-
hancing our sense of lesser strength exertion might contribute to total improve-

ment of force-exertion sense.

5. Conclusion

The accuracy of force exertion in elbow flexion does not show laterality and is
higher in greater demand values (over 50% MVC) than in lesser values (25%

MVC) in both dominant and non-dominant arms.
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