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ABSTRACT The goal of this study was to obtain values on the accuracy of the position sense of
the upper extremities in non-disabled adults, both conditions under normal and under vibratory and
anesthetic disturbance. The subject was blindfolded and seated. One of the subject’s arms was
positioned at the horizontal reference line by the tester and the subject raised the other arm to what
he/she perceived as the horizontal.

The arms were prevented from touching each other by a transparent barrier with a protractor
printed on it. 1) The subject placed one hand at the perceived horizontal, then raised the other to
match the position. This was repeated 30 times, then re-performed moving the arms in the opposite
order. 2) The subject placed both hands at the perceived horizontal simultaneously. 3) Task 1) was
repeated at two speeds; the subjects were given 1 second and 2 seconds to point. 4) Task 1) was
repeated with reference lines 30 degrees above and below the horizontal. 5) The subjects raised one
arm to the horizontal reference line. 6) Task 1) was repeated while the tester applied a vibrator at
100 Hz to the deltoid musle and at 30, 60 and 100 Hz to the most sensitive portion of the lateral to
the scapular spine (determined in a pilot study) on the pointing side. 7) Task 1) was repeated after
the tester anesthetized the shouder the subject was using. The subjects were given about 2 seconds
to perform the tasks besides task 3).

The error magnitudes were assessed in terms of angular displacements from the reference line in
task 1) and between finger tips in task 2). The error direction was expressed depending on the
directions of indicated finger points above (plus) or below (minus) the reference line, or the direc-
tion of points from the reference of nondominant hand.

The error magnitudes in the pointing tasks in healthy adults and the factors influencing them
are summarized as follows.

1. The dominant hand pointed significantly below the horizontal in the task with either
hand: —0.7°+1.3° (M+SE) in male and —1.5°+1.8° in female subjects, while the nondominant hand
pointed close to the horizontal : —0.1°+=2.1° in male and —0.1°£1.6" in female subjects. The distribu-
tion of most of the errors were very close to zero in tasks 2), —0.05°+1.6" in male and —0.1’=1.8" in
female subjects.
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2. The dominant hand showed no significant difference in the pointing errors with speed in all
10 subjects, while 9 of the 10 showed significant difference in the nondominant hand.

3. The dominant and nondominant hands in all 10 subjects showed no significant difference in
errors when the reference line was at 30 degrees.

4. Errors in tasks 5) showed significant difference in comparison with errors in task 1) in the
dominant hand of 8 among 10 subjects and in the nondominant hand of 4 among 10 subjects.

5. Vibratory stimuli caused the pointing errors to significantly move upward or downward in
either hand, as compared with the pointing without vibration.

6. The pointing errors moved significantly downward immediately after local anesthesia on the
skin over the deltoid muscle of the pointing side in all 5 subjects.

In summary, these findings suggest that sensory information from the muscle, joint and skin

receptors play important roles in the accuracy of the position sense of the upper extremities.
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Fig. 1 Apparatus for error measurements in finger pointing tasks. A: During the experiment, the subjects was
seated in a chair in front of a semicircular plastic protractor. He/she extended an arm to match the
position of the index finger on the other hand placed at the horizontal reference line (0%), without visual
guidance. Cross marks represent the locations of joints of the upper extremity for the angular measure-
ments. B: The top figure shows the electromyographic activities of the upper extremity during the
pointing tasks. The lower figure shows the angular changes of the shoulder, elbow and wrist joints, and
metacarpophalangeal (MP) joint of the index finger measured with a VTR in pointing tasks which were
performed 3 times by a subject. Dashed vertical lines denote the beginning and the end of pointing tasks
and the beginning of return to the starting position.
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with both hands, respectively.
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Fig. 3 The magnitude and direction of errors in the pointing tasks with the dominant hand (A) and non-
dominant hand (B) in 17 male and 15 female subjects. Open circles and filled circles denote the mean
errors and SD (standard deviation) on the dominant and nondominant hand tasks, respectively. The
order of the mean errors on the dominant and nondominant hands are matched by the same subjects.
Arrows indicate the mean errors in the left dominant or bilaterally handed subjects. 5 subjects aged 32
to 42 are represented by filled stars. Fig.C shows the statistical difference between the dominant hand
or the nondominant hand in male and female subjects, and between the dominant and nondominant
hands in male and female subjects. **: P<0.0025, *: P<0.01
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Fig. 4 A: The magnitude and direction of the pointing errors in tasks simultaneously by both hands. Open
circles with dots denote the mean errors and SD of the tasks in 17 male and 15 female subjects. The
order of the mean errors on the dominant and nondominant hands are matched by the same subjects.

Arrows indicate the mean error of the left dominant or bilaterally handed subjects.
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the tasks in male and female subjects.
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Fig. 8 The magnitude and direction of the pointing
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ence line in 7 males and 3 female (cross
marks) subjects. Horizontal lines in the
figure indicate the 30 degrees reference lines
above or below the horizontal reference line.
Open circles denote the mean errors and SD
on the dominant hand (A) and the non-
dominant hand (B). The order of the mean
errors on the dominant and nondominant
hands are matched by same subjects.
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»ohtz (Fig.9).

3:3-5 BEAEI~OIRERIROFE

WERE 10 481 > TEMIlO ZARETER (HBIE D
JR) OfFRE I 100 Hz OIREMRIE A NZ 5 &, fERE
B3 LRI It Rl S FEICIR I ICES)
Uiz 1Rk E, TANEHIER U, AR
TSR EFOEZOLE AR LD WIT A%
R, —ELIEREZRS 2h o7,

o fHl o | FEmAMETER 1z 100 Hz OIEEIFI#EE M2,
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Fig. 9 Effects of the sensory input from the opposite
arm on the error in the pointing tasks with
the dominant hand (A) and the nondominant
hand (B) in 7 male and 3 female (cross
marks) subjects. Open circles and filled cir-
cles denote the mean errors and SD in the
tasks with and without the sensory input
from the opposite arm, respectively. The
order of the mean errors on the dominant and
nondominant hands are matched by the same
subjects **: P<0.001,*: P<0.01
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ERSELDOERE B X BRI 543 5 BIES SR
FOEREECRIZTTHRLFE -, FsPATL, R
B0 BEEZOLO 3HERE, 1340 1088 E
(**P<0.001, *P<0.05) ¥ 2.6 THDOLH »
wUTe, FERIEFMITIX, iz 13 Fldh 7 oS (++
P<0.001) iz EA~, 5B FANOEEZTL, ER
BEOEE A —EDOEMIZFRD stk T- (Fig
10),

Rz, FBMEBORL - IIREMIE 30, 60 Hz 23R
I REI OB BBAMARRIZ N2, FEREOE > 5
B2 AR OERERZ W T TR 22,

30 Hz oRBE T U, BB O K3 R AL 12 BB
Bl “523 280 (flutter)” 28z, $EU. F
SR, FEERBIC L 2 IEFREEOLEOAE S
B 1.7 T, FIEIRERS o 4 I 2B X,
13 G 6 Bl RO fEREZ I N, BE (P<
0.005) WTFA%ERL, 3FIZLEAZRLE., FEFEE
TR, EREZEOEFHOAREIFEY 1.9 T, BR
REDOTMIZ, 3HIFEER (P<0.005) 2 FH, 441k
EFHERLI.

60 Hz OMREIFIEIC & 2 H5REZ0EBHOKR 2 313,
MEFEUTFE L7, FEHEFHTESY 0.8 THY,
WIENROENZ B W T b —E L IEREEZ O AR &
oz,

3-3-6 KEBFTMELORE

R b i U TR (R = RA) 0o=/"58
DETEEyas A 2EAL, REZESR»S DK
RATCEW L, fEREERE~OBELrE~, 15
REBNIRIE o TIiTolF v ub 4 YIEASEROBY
TAMZEWT, BREBEOBERESZDSNT. von
Frey ¥z & 2 Al E HEIEEIE 2 38 T b EASER Ofif
FEHESURLERD 5, T HEORMEIRE AR OE 410
mg »OEABBICITFY 2,270 mg £ THARL:-. &
A 1R i3S 2 B O ST BB 3 A SR %
B THEARNCEE L, A6 Tid, Bk
HEEBPEAFT L EC2ERORY, MEE L bEA
HIOWRREWCEE L7, ERERRERC X D &85 (n=5)
DI EBOBEE L, FREEHETRICHNTEY 1.9F
2 (P<0.001) W FH~OEEB2RLT: (Fig. 11), 1
Fefses LU 6 IR HE L i EEia= 114 8,
FREFETT ORI £ CRIE L., IR DikEk LY,
KEZRBLRAEEORHCEERPE 2 TR I L
DR E N,

FLIRESEE

A 100 Hz Vib. Sfim, é
deg =5e |
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Fig. 10 Effects of vibratory stimulation on the errors
in the pointing tasks with the dominant hand
(A) and nondominant hand (B) in 10 male
and 3 female {(cross marks) subjects. Open
circles and filled circles denote the mean
errors and SD in the tasks without and with
the vibratory stimuli at 100 Hz to the lateral
portion to the spine of scapula of the point-
ing arm, respectively. The order of the
mean errors on the dominant and non-
dominant hands are matched by the same
subjects. **: P<0.001, *: P<0.05.
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anesthetized area
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before 1 1h 6h
Time after local anesthesia
Fig. 11 Effects of application of the local anesthesia

with 19§ xylocain (20m/) to the skin over
the deltoid muscle of the pointing arm in 5
subjects. Open circles denote the mean
errors and SD in the pointing tasks before
the anesthesia, at one hour and six hours
after anesthesia, and filled circles denote the
ones immediately after the anesthesia.
There were significant differences (P<0.01)
in pointing errors between local anesthesia
and anesthesia free in all subjects.

MARENT LSRR NF, Smith 522 12 X BMHEMIT
B BEIER R e E SN2 2 5 A U 7 B BN R e A 1 O FIB AR
TI7 A VBT BiEEE, FIEFMT1.5°+£0.63°, FE
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22 B 2 FROAIE OEWIZ & » THEBEED
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7z,

4.4 SHABEREES»DREEADOEE

FeRilB 217 5 FEOXHAI ORISR % A 7 —v
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FEMBEREOBE C XEERY» 5> OBREIBRO 2
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WAL B WIS BRI S A e REENC & B
=L, HALEE & QORREBRO 2w E RO &
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BESMAER 2 L 100 Hz OIREIFIEEINZ 2 22 kD
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B3 EEHED 5 W IZBEE OO T 5 BIEGER
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e, ML TwaIzbrdbs FllEIN-GH
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B & UEE & FERBOMA S TREL RIGHES
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