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Abstract

Handwriting using the dominant and nondominant arms was analyzed in 52 young adults with the aid
of a three-axial accelerometer. We measured a signal vector magnitude (SVM) and the percentage of
the total signal vector magnitude (% TSVM) for the metacarpophalangeal joint (MCP), radial styloid
process (RSP), and lateral epicondyle (LE) of both arms. The SVM for the MCP was lower in the
dominant arm than the nondominant arm, whereas that for the RSP was higher. %TVSM was lower for
the MCP than for the RSP and LE in the nondominant arm, but higher for the MCP than for the LE in
the nondominant arm. These findings suggest that controlling the MCP will improve the quality of
handwriting, including when using the nondominant arm.
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1. Introduction

Handwriting is the most complex and also the most utilized motor skill. It took thousands of years for
humans to develop tools with the precision of a pencil, which requires intricate fine motor skills. From
a motor-skill perspective, a pencil is more difficult to use than the most useful computer [1]. Most
healthy people use a pencil with their dominant arm. If they write with their nondominant arm, the
efficiency of the movement would be relatively lower than that of the dominant arm during the
performance. However, nondominant handwriting may have implications for clinical rehabilitation and
highly specialized skill training that requires the use of the nondominant arm in complex tasks [2]. For
example, a person with right hemiplegia after a cerebrovascular accident can dress, drive, or write
themselves using their nondominant arm.

In other words, a patient with right hemiplegia, whose arm was right-dominant before the disease,
often uses a left-nondominant arm to perform handwriting. Besides, the movement of the hemiplegic
arm differs from that of the healthy arm and it shows a similar pattern in the sense that the movement
of the nondominant arm is distinct from that of the dominant arm in healthy people [3]. Therefore, it
can be assumed that analyzing the nondominant arm of the healthy maybe apply to that of hemiplegic
patients in the further clinical study and we would need to find the patterns of the nondominant arm of
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the healthy in comparison with the dominant arm during handwriting.

A promising new area of research involves using a digitizer to record the position of the pen during
handwriting, with the data transmitted as a Graphogram [4]. An accelerometer has previously been used
to assess physical activity in traditional methods of motor analysis, and recent researches have shown
that it facilitates high activity classification accuracies when using machine-learning models [5]. The
objectives of this study were to compare dominant handwriting with nondominant handwriting using a
three-axis accelerometer in young adults, so as to provide fundamental data for use in further clinical
research.

2. Methods
2.1. Participants

From June 1 to June 30, 2020 we received ethical approval from two professional clinicians and three
professors regarding the safety and clinical significance of this study. The 52 included subjects were
aged 22.90+2.68 years (mean=SD) and they voluntarily agreed to participate after receiving information
about the protocol and purpose of the study.

2.2. Apparatus

The Fitmeter (FitLife, Korea) is a three-axis acceleration motion sensor (3.5 cm x 3.5cm x 1.3 cm,
13.7 g) that measures triaxial acceleration values in the x, y, and z directions, and applies a filter to
reduce the effects of acceleration due to gravity (G) and internal errors. The times when acceleration
changes are recorded as data is determined by pushing the button on the accelerometer. The maximum
acceleration measurement range can be set from 2G to 8G (1G = 9.8 m/s?): 2G (-61.25 cm/s? to
+61.25 cm/s?) is used for slow and precise motion measurements, 4G (-122.25 cm/s? to +122.25 cm/s?)
is used for routine movements, and 8G (—245 cm/s? to +245 cm/s?) is used for rapid activities such as
sports [6]. In the present study, 4G was set for measuring a task performed during the activities of daily
living (Figure 1). To measure movements of the lower arm according to the International Biomechanics
Association standard, markers were attached on the metacarpophalangeal joint (MCP), radial styloid
process (RSP), and lateral epicondyle (LE) of both arms [7].

2.3. Experimental Procedure

The experiments were performed in a quiet environment. The subjects sat on chair with a backrest and
no armrest, and then bent their hip joint, a knee joint, and an ankle joint at 90 degrees. Their arm rested
comfortably on a table that was 10 cm from the torso. The researcher stood to one side of the subject
while making the measurements.

Based on the Jebsen-Taylor Hand Function Test [8], the participant was instructed to write a short

Korean sentence “A Q|2 I|#=3| 2 QIC}” (“That old man looks tired”) three times. A rest period
of 1 minute was allowed between each trial.
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(a) During writing (b) On the LE (c) On the MCP and RSP
Figure 1. Attachment locations of the accelerometers

2.4. Dependent Variables
2.4.1 Signal Vector Magnitude
We defined the signal vector magnitude (SVM) as follows [9]:

SVM = JAx? + Ay? + Az?

where Ax, Ay, and Az are the accelerations in the x, y, and z directions, respectively.

2.4.2 Percentage of the Total Signal Vector Magnitude
We defined the percentage of the total signal vector magnitude (%TSVM) as the value relative to the
total SVM value, which is the sum of the values derived from the MCP, RSP, and LE of both arms.

2.5. Data Analysis

Fitmeter Manager (version 1.2) software was run on PC to analyze the data measured by the
accelerometers. The accelerometers attached to both the upper and lower arms had a measurement
interval of 1/32 sec for the three axes (x, y, and z), and the maximum acceleration measurement range
was 4G. Six accelerometers (that were attached to subjects) and one accelerometer (that was used to
allow the researcher to monitor the time) were synchronized, and then measured. The axial accelerations
in the X, y, and z directions generated during the task were stored as a vector value with magnitude and
direction [9]. IBM SPSS (version 23.0) software was used to statistically analyze the data. Movements
were compared between the dominant and nondominant arms during the writing task using the
independent-samples t-test, while one-way ANOVA was applied with an a level of .05 to compare the
relative movements among the MCP, RSP, and LE.

3. Results

3.1. SVM

SVM was lower in the dominant arm than the nondominant arm for the MCP (p < .05), while it was
higher in the dominant arm for the RSP (p < .05) and did not differ significantly between the dominant
and nondominant arms for the LE (p > .05) (Table 1, Figure 2).
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Table 1. Comparison of SVMs in the dominant and nondominant arms

Dominant Nondominant t p
MCP 3.56+5.37 5.19+1.91 2.06 .04"
RSP 5.44+2.23 4.62+1.61 2.14 .04"
LE 5.08+3.61 3.87+3.92 1.64 A1
Data are mean+SD values (N=52) ('p<.05)
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Figure 2. Comparison of SVMs in the dominant and nondominant arms. Data are mean
and SD values (‘p < 0.05)

3.2.%TSVM

A post-hoc analysis revealed that %TVSM in the dominant arm was lower for the MCP than for the
RSP and LE (p < .05), with no significant difference between the RSP and LE (p > .05). In the
nondominant arm, %TVSM was higher for the MCP than for the LE (p < .05), with no significant
differences between the MCP and RSP (p > .05) or between the RSP and LE (p >.05) (Table 2, Figure 3).

Table 2. Comparison of %TSVM among the three accelerometers

MCP RSP LE F p
Dominant arm 10.06+11.52 20.35+7.69 17.39+6.10 19.07 .00™
Nondominant arm 19.87+6.20 18.03+7.07 14.27+14.00 4.47 01"

Data are mean+SD values (N=52) (p<.05; "p<.01)
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Figure 3. Comparison of %TSVM among the three accelerometers (‘p < 0.05)

4. Discussion

The purpose of this study was to compare dominant handwriting with nondominant handwriting by
measuring SVMs using three-axis accelerometers in young adults. In our study, the SVM was lower in
the dominant arm than the nondominant arm for the MCP, but higher for the RSP. This means that the
wrist movement of the dominant arm is more stable than that of the nondominant arm, as is the writing
fluency, which is characterized by rapid simultaneous movements of the forearms along the writing
lines. Bunnell stated that the wrist is the key joint of the hand, and that limitations in movements of the
wrist cannot be compensated for by any joint in the upper extremity [10]. [11] used electromyography
to reveal that intrinsic muscles guide and grade the multiple movement patterns of the intermediate
finger and thumb and control all rotatory movements of the thumb and MCP used in precision handling.
Therefore, the wrist influences the position of the MCP, while the MCP influences the position of the
proximal interphalangeal (IP) joint, which in turn influences the distal IP joint [12]. These anatomic
principles provide a foundation to analyze the fine motor skills involved in the writing task [13].

%TVSM was lower for the MCP than for the RSP and LE in the dominant arm, and higher for the
MCP than for the LE in the nondominant arm in the present study. This means that the stability of the
MCP of the dominant arm—which is used to write with constant patterns—is higher than that of the
nondominant arm. Moreover, excessive movements of the nondominant MCP cause the thumb IP joint
to move with difficulty [14]. This results in nondominant handwriting being larger than dominant
handwriting and characterized by inconsistent patterns, slowness, and illegibility [15]. The writing task
involves a combination of acceleration and deceleration, which are determined by the ratio of the
agonist and antagonistic muscles and show temporal and spatial motion characteristics [16]. A shift in
muscular inhibition generates rapid movements associated with action and opposition activities
increasing for agonist muscles relative to antagonistic muscles [17].

It has been suggested that accelerometers have various potential applications in conditions such as
stroke and degenerative diseases of the central nervous system [18]. We suggest that the present results
could be applied in rehabilitation clinics [19]. For example, patients with right hemiplegia often use the
nondominant (left) arm to perform various activities of daily living, including handwriting. However,
since the nondominant arm is characterized by abnormal movements in the MCP, RSP, and other joints,
accelerometers could be used to quantitatively measure the movements of upper extremities and thereby
allow objective data analyses. Accelerometers also have advantages of convenience and usability, and
so could be useful tools for estimating the movements of the upper limb in individuals with neurogenic
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disorders.

5. Conclusion

The results obtained in this study suggest that controlling the MCP would improve the quality of
handwriting, including when using the nondominant arm. Further research should be performed in
rehabilitation clinics with the aim of facilitating the arm function of neurologic patients, including their
handwriting
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