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ELECTROMYOGRAPHIC STUDY ON THE OPTIMUM GRIP
DIAMETER OF BALL-POINT PENS WITH REDUCED
. WRITING GRIP PRESSURE '

By

Hiroshi UDO*, Hidenori TANIDA*, Fumitaka YOSHINAGA*

Neck and upper limb disorders known as occupational cervicobrachial disorders (OCD)
are found to occur frequently among copying-slip writers using ball-point pens. Some
reports have suggested that strong grip pressure while writing with ball-point pens is an
important factor in causing these disorders. Therefore it was considered important for
the prevention of OCD to discuss countermeasures that could decrease grip pressure in
ball-point pen writing. The relationship between grip diameter and grip pressure was
studied by comparing among groups classified according to the grade of grip pressure
and those classified according to the grade of pen point pressure. Pens of four grip
sizes, i. e. standard (8.2mm), 10.5mm, 13.8mm and 14.3mm, were used. Grip pressure
applied in filling out a slip of paper was surface-electromyographically investigated in
16 female subjects. The EMG electrodes were placed on the right opponens pollicis
muscle. For each pen, the ratio of the integrated EMG amplitude value to the average
value of that for all the pens (RIEA) was regarded as the index of grip pressure. The
RIEA level declined more significantly in writing with a 13.8mm grip size pen than
in wirting with a standard size pen. And the RIEA level for the strong grip pressure
and the strong pen point pressure groups showed the largest decrease in the case of the
use of a thick-grip ball-point pen. Therefore, the use of a thick-grip pen was consi-
dered useful in decreasing grip pressure in writing for both the groups with strong
grip pressure and those with strong pen piont pressure.
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Table 1 Subjects’ ages and years employed
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No. of subjects 16

" Mean SD
Age (years) 40.6 4.8
Years employed 11.4 6.4

Table 2 Average number of characters
written in 75-second period
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Total no. of tests 128
Mean SD Min.~ Max.

Crude no. of characters 71.0 16.9 34~105
Correct no. of characters 106.4 25.7 49~165
No. of Kanji 18.4 5.3 6~ 31
No. of Normal size Kana 44.8 10.1 19~ 65

No. of Half size Kana 1.4 1.2 1~ 4
No. of Letters or Numbers 3.7 3.5 1~ 11
‘No. of Punctuation marks 2.7 1.4 1~ 6
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Fig. 2 Average number of each character type
written in the order of the test
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Division of document per 25 characters

Fig. 3 Rates of each character type per 25
characters in copying documents
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Table 3 Average number of characters written per test according to grip size of pen
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Average number of characters

Crude Correct Kanji I\_Iormal Half size Letters/ Punctuation
total total size Kana Kana Numbers marks
No. of 32 32 32 32 32 32 32
. sub.

m Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
14.3 mm 70.8 15.8 105.6 24.5 18.1 5.3 45.3 10.2 1.2 1.2 3.7 3.1 2.5 1.4
13.8 mm 70.4 16.8 104.6 24.2 17.8 4.8 45.2 10.5 1.2 1.2 3.4 3.3 2.8 1.5
10.5 mm 71.3 17.9 107.0 26.9 18.5 5.5 44.2 9.9 1.7 1.2 3.9 3.8 2.8 1.5
Standard 71.6 17.9 108.4 28.1 19.0 5.8 44.7 10.3 1.3 1.3 3.9 3.7 2.7 1.3

no significance among each pen size (t-test)
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Table 4 Average rate of characters by type written per test for pen grip sizes
A= BYDOIFF A 7R

Average rate (%)

Kanji Normal size

Half size Kana Punctuation

Kana Letters/Numbers marks
No. of 32 32 32 32 32
> subj.

g;ép Mean SD Mean SD Mean SD Mean SD Mean SD
14.3 mm 25.6 4.6 64.3 6.8 1.6 1.7 5.1 4.1 3.4 1.7
13.8 mm 25.5 5.1 64.6 6.3 1.7 1.6 4.4 3.8 3.7 1.7
10.5 mm 26.1 5.0 62.8 7.1 2.3 1.5 4.8 4.1 3.8 1.6
Standard 26.5 4.4 63.2 6.8 1.9 1.8 5.0 4.4 3.6 1.4

no significance among each pen size (t-test)

Grip pressure Normal group

Rather strong group

Strong group

Grip form
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Fig. 4 Grade of grip pressure
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Table 5 Distribution of grade of grip pressure
BIE OB 047

No. of subjects (%)

Grade of grip pressure

Total 16 (100.0)
Strong 6 ( 37.5)
Rather strong 5 ( 31.3)
Normal 5 ( 31.3)
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Table 6 Relation between grade of grip pressure and number of carbon
copies filled out at one time

BEORERE LEEE Y AHME
Grade of grip pressure
Strong Rather strong Normal
6 5 5
No. of subjects
Mean SD Mean SD Mean SD
No. of carbon copies 7.5 1.6% 5.2 0.8 4.4 2.1
* p<0.05 significance v. s. normal group (t-test)
Table 7 Relation between grade of grip pressure and average
number of characters written per test
BRECEE L LHETFR
Grade of grip pressure
Strong Rather strong Normal
48 40 40
Total no. of subjects
Mean SD Mean SD Mean SD
Average no. of characters
Crude total 63.1 16.3* 80.4 12.6** 71.2 17.0
Correct total 94.9 24.2% 120.7 20.3** 105.9 25.7
Kanji 16.4 4.9 21.0 4.7* 18.1 5.3
Normal size Kana 39.9 9.7* 50.2 7.6 45.4 10.1
Half size Kana 1.2 1.1 1.5 1.3 1.4 1.3
Letters/Numbers 3.4 3.4 4.5 3.6 3.3 3.4
Punctuation marks 2.0 1.5%* 3.3 1.0 3.0 1.3

** ¥ p<0.01, 0.05 significance v.s. normal group (t-test)
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Table 8 Correlation between average number of characters written per test and RIEA
according to grade of grip pressure and pen point pressure

BIE, EEOREROEEFR L HEXES LoEE

Grade of grip pressure

Grade of pen point pressure

Strong Rather strong Normal

Strong Rather strong Normal

Total no. of subjects 48 40

Average no. of characters

Crude total —0.1416 —0.1648
Ratio of crude total —0.2572 —0.2612
Correct total —0.1774 —0.2168
Ratio of correct total —0.3151*%  —0.3193*

40 32 48 48
—0.0397 —0.1181  —0.4305** 0.0357
—0.1437 —0.1517  —0.5841** 0.0420
—0.0190 —0.1714  —0.4576** 0.0379
—0.0573 —0.2151 —0.5815** 0.0734

** % p<0.01, 0.05 significance (coefficient of correlation)
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Fig. 7 Average of RIEA according to grip
size of pens
* p<0.05 significance v. s. standard
size (t-test)
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Fig. 8 Average of RIEA according to grade
of grip pressure and grip size of pens
*, 1 p<0.05 significance v. s. standard
size (*t-test, ! Welch’s t-test)
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Fig. 9 Average of RIEA according to grade
of pen point pressure and grip size of
pens
*p<0.05 significance v. s. standard size
(t-test)
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Table 9 Average of RIEA according to grip
size of pen among the occupational
cervicobrachial disorder (OCD) patients
and non-OCD patients

FEREREEDFE L K — L ERO

S ERES
OCD non-OCD
Subjects 22 10
Mean SD Mean SD
Grip size
14.3 mm 0.949 0.125! 1.040 0.136
13.8 mm 0.946 0.179! 0.919 0.153
10.5 mm 0.974 0.120! 1.016 0.104
Standard 1.129 0.327 1.039 0.201

! p<0.05 significance v.s. standard size (Welch’s
t-test)
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Table 10 Distribution of grade of grip pressure
and pen point pressure among OCD
patients and non-OCD patients

HREBREEOFE LIBE - EEOREONT

OCD nor-OCD

No. of subjects 11 5
Grip pressure (%) (%)
Strong 5 (45.5) 1 (20.0)
Rather strong 3(27.3) 2 (40.0)
Normal 3(27.3) 2 (40.0)

Pen point pressure
Strong 4 (36.4) 0( =)
Rather strong 2 (18.2) 4 (80.0)
Normal 5(45.5)  1(20.0)
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