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Types of physical load

e extensor muscle load, hand & fingers hover above the mouse
e Cinderella effect, exertion of unnecessary static forces

e gripping and pinching

e too large supination angle

e excessive ulnar deviation of the wrist, "hand shake position”
e excessive extension of the wrist

¢ hand and lower arm hover above an object
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Physical load type I

With the existing computer mouse fingers have to remain
elevated in between switching to prevent inadvertant switching.
This results in extensor load.
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Extensor load

Fingers and hand hover above the mouse
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EMG data from fundamental research

EMG values show the level of muscle activity
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Physical load type 11

Cinderella effect, exertion of unnecessary static forces:

e extensor load, tonic muscles act continuously

e special motor units (type I muscle fibres) control lesser forces,
are continuously active resulting in irritation and aggravation
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Physical load type III

Objects that induce gripping and pinching due to shape:

e the regular mouse, too small for the average hand,
held between thumb, ring finger and little finger

e thin, pen like objects, held between thumb, ring finger and
little finger

e handle shape objects, gripped by the entire hand
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Physical load type IV

A too large supination angle: objects force hand and lower
arm in a strained position:

relaxed hand
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Physical load type V

“"Hand shake position”, a too large supination angle combined
with an excessive ulnar deviation :

The hand is forced in a position resulting in an ulnar deviation of
the wrist outside the regular functional area.
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Physical load type VI

A too large extension angle of the wrist:

Corresponding with load type V the hand and wrist are forced
outside the functional area.
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Physical load type VII

Hover the hand and arm above an object:

For example the use of a pen in combination with a tablet forces
hand and possibly lower arm in a hovering position to allow for a
free motion over the tablet.
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Evaluation of ergonomic computer mice

A number of ergonomic computer mice were made available for
the evaluation programme. The use of these mice resulted in
complaints with the users. The source of these complaints could

in general be attributed to the aforementioned 7 types of
physical load factors.

Muscle exertion has been measured by means of EMG

Erasmus MC
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Evaluation of ergonomic computer mice

IDEE University Maastricht, the Netherlands, has performed the
necessary EMG measurements.

The protocol consisted of:

10 sec. rest,

10 sec. motion,

10 sec. rest

10 sec motion, however with the left button active.

Erasmus MC
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Evaluation of ergonomic computer mice

EMG-measurement set-up:




EMG signal of extensor muscles

n [ UM - IdeeD - file ; G:{Program Files\IdeeQ\Data\IdeeQ'\IdeeQ_001.DATA 1 =l=ix]
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Evaluation of ergonomic computer mice

9 computer mice and the HandShoeMouse by Hippus were
measured by means of EMG while the various physical load
factors were analyzed.
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Source of physical load

Regular mouse

In general the regular mouse is too small for the average hand
resulting in a grip like action of thumb, ring finger and little finger
and thus excessive loads on metacarpal bones and ligaments.

excessive extensor load
excessive thumb load

instigates working from the wrist
instigates gripping and pinching

Erasmus MC
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EMG signal of a regular mouse

=181

i IDEEQ - Data Acquisition Program [ UM - Ideeq - file : C:\Program Files\Ideeq\Data’ Ideeq'Ideeq_001.DATA
Subject Recording Corfiguration Show About...

& ‘ '3'| ‘ ‘ ‘ ‘ |'»";| ‘ |ﬂ ﬂ Muis_1 24-01-2007 11:10:03 m
Data | Trends and calculations | Tables |
e =

2+ -
saved = = 0.00 sec (00:00:42) 40.000
ata Acquisiti... [ namen - Microsoft word | &1 musculus extensor digto... | 1 united - paint | « 37 1151 8m

1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line)
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Source of physical load

Vertical mouse

Forces the hand in an almost vertical position. The hand rests on
its side. This generates excessive friction between hand and table
top while working.

Ref. publication prof. Han Min Chen “The effect on forearm and shoulder muscle activity in using different slanted computer mice”

a too large supination angle

hand rests on its side

mouse is gripped between palm of the hand, fingers and thumb
this position instigates gripping and pinching

metacarpal bones and ligaments are stressed

excessive tension in muscles of the lower arm

Erasmus MC
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EMG signal of vertical mouse

§ IDEEQ - Data Acquisition Program [ UM - Ideeq) - file : C:\Program Files\IdeeData}IdeeQ\Idee() 002.DATA | =& x|
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1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line)
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Source of physical load

A-symmetrical ball mouse

The ball acts counter productive. The XY coordinates provided by
the desk top are no longer used.

Operating the ball by means of the thumb carries an additional
risk when the arterial flow is restricted. Synovia production can be
inhibited resulting in calcitic deposits on the tendon.

(referte Morbus de Quervain)

e excessive extensor loads (fingers)

e no arm movement, risk of restricted arterial flow
e ball leads to excessive thumb load

Erasmus MC
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EMG signal of a-symmetrical ball mouse

i IDEEQ - Data Acquisition Program [ UM - Ideeq - file : C:\Program Files\Tdee\Data'Ideeq) [deeq_003.DATA ]

Subject Recording  Corfiguration Show  About...

=181
O fm| oo m] v |20] 2] Ao 24012007 1171345 M
Dala | Trends and caiculations | Tabes |
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i/ start| [l 1DEEQ - Data Acquistt.. ] namen - Migosoft word | & musculus extensor dgito... | Evoluent -paint | « 3(B) 1159 am

1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line) Erasmus MC
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Source of physical load

Symmetrical ball mouse
The ball acts counter productive. The XY coordinates provided by

the desk top are no longer used.

Too little support is provided for the hand, this instigates
switching with the thumb.

e excessive extensor loads (fingers)
e Nno arm movement, risk of restricted arterial flow

e ball inhibits the support of the hand, no rest possible

Erasmus MC
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EMG signal of symmetrical ball mouse

i IDEEQ - Data Acquisition Program [ UM - Ideeq - file : C\Program Files\IdeeqData'Tdee}Idecq_004.0aTA ]

\Idecq\1dee)_0Di: LI {
SbltR ording  Configuration  Show  About,,

|I| >|.| | v,|r,|7{|”'~|ﬂj|i|i“Mu.s,4 24-01-2007 111455 @
Diil Trends and calculations | Tables |
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R "Hﬂ e \l M\ iy lw\n i "u*.ul,ml‘ il i \H'i J\\MM'«‘ ‘r"“"*l“'\""\'ﬁ"“""-‘M“'\"v"'h\""""'ihJW"‘“v'r*\l';.lr"t‘f\’Www'\l‘lllwhf‘ru‘-"-1})"‘{J"\“i Wl M, 'L\ Mu'lw ,1\ IL‘ \"r“”"“ \"#\ Mh 'L“. h v'qk' f“an

Mt —wun
| Raw data saved [= [= [ 0.00 sec 00:00:37) I [20.000
#start| [[Fl i0EEQ - Data Acquisiti.. ] namen - Mcrosoft word | & musculus extensor digta. . | 1 aerobic qui mouse (5)- ... | Lty Pictures | ] perobic quimouse (5)- . | « A8 1z07eM

1. extensor carpi radialis longus (red line)

2. extensor carpi radialis brevis (yellow line) Erasmus MC
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Source of physical load

Hand forced in a pre-set vertical position
The weight of the hand rests on the side. The wrist is forced in an
elevated position. This strained position results in awkward

movements.

Ref. publication prof. Han Min Chen “The effect on forearm and shoulder muscle activity in using different slanted computer mice”

e a too large supination angle
e an excessive ulnar deviation “hand shake” position

Erasmus MC
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EMG signal of fixed vertical mouse

i IDEEQ - Data Acquisition Program [ UM - Ideeq - file : C:Program Files\IdeeQ}Data}Ideeq|Idec0_009.DATA ] =158 x|
Subject Recording | Configuration Show  Abaut...

D|g,|.| >|.|.| v,|rﬁ|7{|}|ﬂ_h|ili“Mu.sj(ewgelqkS) 24012007 11:22:18 @
Data | Trends and calculations | Tables |

iy M\I‘ i \“lﬁ\'\f‘.\“"‘lﬂl ,‘W W r‘"”l”*}"" n'“\""m“ gyt
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‘ Mt —wun

| Raw data saved | [= [ 0.00 sec @o:00:41) I [40.000

i start B weEQ - Data Acquisttr.. ] namen -Mcrosoft word | &9 musculus extensor digta... | {4 wacom tabiet met pen . | « 306 1zoePm

1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line)
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Source of physical load

Pen mouse

A thin pen-like object, does not provide support for the hand.
Extensor muscles are continuously active.

too thin

shape instigates gripping and pinching
no support provided

instigates motions from the wrist

no stability, no rest for the hand

Erasmus MC
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EMG sighal pen mouse

§ IDEEQ - Data Acquisition Program [ UM - Ideeq) - file : C:\Program Files\IdeeData}IdeeQ\Idee() 006.DATA | =& x|

Subjact Recording Corfiguration  Show  Abotk,.,

o{w(n] »lo|n] v ulW]S[2] 2] Afwrs e
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[— | Raw data saved [= [= | 0.00 sec (00:00:36) I [40.000

4 start| [ T0EEQ - Data Acquisiti.. 1] namen - Microsaft word | &) musculus extensor digto... | « A8 1zo0pm

1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line)
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Source of physical load

Pen and tablet
The pen is too thin and thus cumbersome, instigates gripping and
pinching.

Hovering hand (and arm) above a tablet causes unnecessary
stresses and strains in lower (extensor) and upper arm muscles

too thin

shape instigates gripping and pinching
no support provided

instigates motions from the wrist
extensor muscles are continuously active

Erasmus MC
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EMG signal pen and tablet

i IDEEQ - Data Acquisition Program [ UM - Ideeq - file : C:\Program Files\Idee@}Data}Ideeq\Idee_008.DATA ] =8|

Sublect Recording Configuration Show  About. ..

Ofe(m| »|o]m] w2l 2] A|fmis 24012007 11:20:34 @
Data | Trends and calculations | Tables |

e B

MOUSE -8
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!ﬂ[\/\ R
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| Raw data saved [= [= [ 0.00 sec @0:00:42) I [40.000
i/ start| | |l IDEEQ - Data Acquisiti... B] namen ~Mcrosoft word | &3 musculus extensor digto... | 4 untited - paint | « X8 1203PM

1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line)
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Source of physical load

Mouse with horizontal buttons

Fingers hover in a horizontal position above the buttons and have
to be continuously lifted to avoid inadvertant switching.

The hand slides from the body due to lack of support.

The application of a “scroll wheel” at the side while no support is
provided, generates a risk for the thumb joint.

(referte Morbus de Quervain)

excessive extensor load

scroll wheel at the side

no thumb rest

shape instigates gripping and pinching

Erasmus MC

31



EMG signal of mouse with horizontal buttons

i IDEEQ - Data Acquisition Program [ UM - Tdeeq - file : C\Program Files\IdeeqData'Tdeen}Idecq_005.0aTA ] =18 x|
Subject Recording Configuration  Show  Abouk..,

| Ev|l| >|.|l| Y,|Y,|Y{|}|ﬂ_h|i|i“Mu.sj 24-01-2007 11:16:43 @
{B5ta ™| Trends and calculations | Tables |
Cireney

-
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2

< MMt —wn

[— | Raw data saved = [= [ 742 sec 00:00:38) I [20.000
i start| | elyrocalix | BB Labview | B stvcocalysz.viFront p... | [ Ervor st | [ search Resuts | B ivcocaly vislock .. | [ 106eq - Data acqui.. |« @E (7))@ oieam

1. extensor carpi radialis longus (red line)

2. extensor carpi radialis brevis (yellow line)
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Source of physical load

Joystick, mouse with handle
This mouse instigates gripping and pinching. As a result muscles
are excessively strained and arm movement is restricted.

Ref. publications in Clinical Biomechanics by prof. Han Min Chen “The effect on forearm and shoulder muscle activity in using
different slanted computer mice” and Gustafsson and Hagberg “computer mouse use in two different hand positions: exposure,
comfort, exertion and productivity”

a too large supination angle

hand is positioned on its side

one grips the handle

position instigates excessive gripping and pinching

Erasmus MC
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EMG signal joystick, mouse with handle

i IDEEQ - Data Acquisition Program [ UM - Ideeq - file : C:\Program Files\Idee@}Data}Ideeq\Idee)_007.DATA ] =8|

Sublect Recording Configuration Show  About. ..

Ofe(m| o o]m] =[R2l 2] A|fmier 24012007 11:19.03 @
Data | Trends and calculations | Tables |

[z

fy J%I u"\

‘".t\1\aa\n‘*l"f'J|"tyJv.\-‘\”‘Wﬁ“’%’lﬁ‘hﬂ.“%}‘ \

‘ Mt —wun

| Raw data saved | = [ 1250 sec (00:00:43) I [40.000

i start] [[F weEQ - Data Acquisttr.. ] namen -crosoft word | &9 musculus extensor digta... | 4 untitied - Paint | « 306 1zozPm

1. extensor carpi radialis longus (red line)
2. extensor carpi radialis brevis (yellow line) Erasmus MC
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EMG signal joystick, mouse with handle

i IDEEQ - Data Acquisition Program [ UM - IdeeQ - file : C:\Program Files\IdeeQ\Data\ldeeQYideeQ 011.DATA ]
Subject Recording Corfiguration  Show  Abotk,.,

‘E" | | ‘ | ‘VA"\" | ‘ﬁﬂ Anir (7) 29012007 13:19:33 @
| Trends and calculations | Tables |

= Raw data saved = = 0.00 sec (00:00:41) 40.000

14 start n bi & IDEEC F T} siozpm

flexor carpi radialis (red line)
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Minimal physical loads with the HandShoeMouse

The HandShoeMouse

The shape is based on the hand in a relaxed position.

Fingers and thumb rest supported. A light contraction of flexor
muscles suffices to switch. The scroll wheel is positioned close to
the finger tips to allow for minimal movements.

hand, wrist and thumb are fully supported

extensor muscles are relaxed

shape prevents gripping and pinching

scroll wheel positioned between index and middle finger
to stimulate arterial flow large movements are possible

Erasmus MC

36



EMG signal of the HandShoeMouse

§ IDEEG - Data o ISLIES]
bt Recordn on Abat..

D""| ‘ ‘ ‘ ‘ |'»";| ‘ | #| A | Feard 24012007 11:00:28 m
Data | Trends and caleulations | Tables |

e

‘t'u'l'ﬂ"g /

< Ht—an
- Raw data saved - - 0.00 sec (D0:00:41) 40.000
) start| [l IDEEQ - Data Acquistti.. B8] namen - Microsoft word | & musculus extensor digho... « 306 1147 am

1. m. extensor carpi radialis longus (red line) B
2. m. extensor carpi radialis brevis (yellow line)

Erasmus MC

37



EMG signal of the HandShoeMouse

i IDEEQ - Data Acquisition Program [ UM - IdeeQ - file : C:\Program Files\deeQ\DataMdesQ\MdesQ 012.DATA ]

Subject  Recording  Corfiguration Show  About...

‘D| ‘ ‘ ‘ ‘ |'w";| ‘ |ﬁﬂ Paard 29-01-2007 13:21:07 @
{3 | Trends and ealculations | Tables |

50 100 150 200 260 300 380 4

= Raw data saved = = 0.00 sec (00:00:41)

flexor carpi radialis (red line) -
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Conclusion

e mice investigated show on average high EMG values
e EMG values of extensor muscles indicate high level of activity
e a number of mice show continuous high flexor loads

¢ with a number of mice hand and/or arm are forced into
positions which cause unnecessary stresses and strains

e the design is based on the natural relaxed position of
hand and arm

e shape and weight realize a reduction of muscle load and thus
EMG values

e the HandShoeMouse supports the hand continuously, during
action as well as in rest

Erasmus MC
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