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Computer-Based Analysis of Alternate Pronation
and Supination of Forearms

Mihoko OKADA

General FEducation Department, Niigata University
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Neurophysiology, Brain Research Institute, Niigata University)

A computer-based method for evaluating alternate pronation and supination of
forearms (diadochokinesia test) has been developed. Forearm movements are con-
verted into digital signals through a specially designed recording instrument. Tracings
of movements are stored in a computer, and their rapidity and dexterity are quantified
by ten parameters. An analysis was made by the method on the groups of healthy
people and the patients with methylmercury poisoning, and significant differences were
observed between the two groups.

In all six parameters are defined as those related to dexterity. To establish a
summary measure for dexterity, the principal component analysis was applied to the
patient group, and the first principal component was adopted as the summary measure.
The scores of the measure were compared with visual rankings given by five persons
(four doctors and one secretary) for some sample tracings of movements, and close
agreement was obtained between the measure and human judgment.

As a final step of the study, a microcomputer-based device fully equipped to
analyze diadochokinesia tests was implemented. The device has been made compact so
that the test may be performed at the bedside and the tracings of the movements as
well as the computed measurements are obtained immediately. The device will make
the rapid quantitative analysis of diadochokinesia test possible in clinical practices.

Key words: Diadochokinesia test, computer analysis of forearm movements,
pronation and supination of forearms, microcomputer based device,
quantification of dexterity. .
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4 500~600 9 0.69 0.71 0.84 0.80 0.83 0.78
5 600~700 9 0.91 0.85 0.89 0.86 0.92 0.83
6 700~800 8 0.96 0.91 0.97 0.93 0.97 0.97
7 800~ 8 0.69 0.75 0.84 0.64 0.82 0.85

775 AOFHE 0.86 0.83 0.89 0.84 0.90 0.90

A~E DTN EHEE Lo 4 L OHEE L OMRMHEEOTHESY, ZOFIIReEEZ
&S BOYIEE & ONEL B O FHHE A T3
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OHEE TR 4 Zo¥Ed L oEHEEL % T

Licflid, BTz &E&HEE s ORBOTHiEY
G, AT ZREIIARBUTAOHEL L
LTwhI &hbhhsd

A O E - YRBEOSTER

1. BROBE®

Plba v a— 20 X AB BB O SH ik L E DK
FEoBEhc > W Tl TR T O IR ER X
DIzZaVEa—-aRF L A/D ERE TI7 0
BF g AT VLA, Ty &—Te EREk I ERRE E L
P, FRRORMERRT LD L BCES TR,
b« TS TADITEAFIHT OB E, AV oMY
SIESTH S, BEERCRCTREZTTLHE
TR SRR TE, OB CLELICOTERAELR
LI EHEE Lu. FCTLHTOLH LRETEED T,

7 Jma v o — 2 P OB EGER TR & b
L.
a) /M BRTEENTOBELEETHS

b) SHHEERE L OB EEB OB T OB T
Fag—&L LTHbRS.

¢)  wo oo T E RBBE T T TR ES
TEL

d) SFEEOEESRENESTHD

#55 WRILHE 5 H

2. FEOMHE

B 7 wEE LR RT. BEEethokE XIE 43
cm, BATE 36cm, &E 20cm T, WEILEE 45cm
DF ¢ U TS CHERT A ERARAES A v T
Fm BT LE, NILEX-Y 7wy &— (17cmX
17emx 7em), F—3y PRI UBEAS v 5035 5.
Eo AT LERHREECH LTI ERECE T
Mé.%ﬁ%@mﬁmﬁwDMUXH&MEmR&
[FHED 2 Aol B I h T 5,

B 8 wESRERe 7oy VRAy RS, BRESNOE
B RT v oA A2, A/D BB (COSMOS A/D
HZ-201, 12 » b) B ~THEL S hicl, <
Asmava—8~EASIENG, =17
2y AT AETA T a S ey Y 6502, 48K A b
ZAFieZ RAM, 16K 31 b ROM, k& 04FE
VO A va7s—Ahbiirh, AHNERSL LTI
EROF— 30 F, FTRERCEEORRHC L =257
LvEE T ey 8 T F—2OBRFEEL TR o —F g
A PED T 5

3. BelRLHNE

V7 b7 2 TSI PDP 11/34 £ T i FORTRAN
TS A ruavea—2HE LT BASIC
(—EESBIEE) Wi L7 BELEATA LD
AT LANEE L, BF ID #MuTCE Zhid

e g —

&7

HfELTc<A

7 vy . - NBMEREE SRS
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TT—

! |
|
d— %y B 10 A2 RT xR
i
' / i
1
| !
CiR A M RO M |
! 48k 16k |
I 1
| | |
| I
| Ay | é
| 6502 ;
I
I ! TuwE—F 4R
ASD R HRER

RF oA A=A

=L

B8 ZEEBSTEED 7o 7K

¢<RIGHT> (a) (RIGHT> b)

%

|

1.0URA: 348 1.812E: 1 1.DURA: 618 1.8I2E: 2
2.RANG: 347 2.5HAP: @ 2.RANG: 266 2,SHAP: 1
3. UELOD: 93 3.CU : 4 3.VELD: 43 3. U : 6
4,MXLS: 7 4.SMO0: 8 4.MXLS: B 4.5MO0: 6
S.SHAR: B7 5.SHAR: 38
B.SYMT: 2 B.SYMT: S
7.INCL: -2 7.INCL: 4
8.SuUl : ~4.1 8.5UM : -.3
B9 SfsEor oy s —mh
(a) (3@, (b IHEEOH.
z2 5 EFNT L EIRNESSEEBGO &R A 5 2, FEFHC ENTER #-—
PRESS ENTER KEY TO START LY. 35 S5 BRIOSEEE D BEL ST RAM

EFRL, HBBREEE A, DD THREEIERE R FURMICEIE NG, v AT LR IR LR 75 73R L
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#, A=k D) HRFRR 2 ArFEelE 3
WFERBROBRA L LTS, TORRIG U THE2E
TR~ IR AT, P& F3 T A — 2 OFEEZHTTT
A 9w ey A SRR o RS
AR () E, (OEMEEOMTT, THAME S
B AT A 2 OfEE, AT 25 6 T
T BT A BOEEFRFRET. ARO T
BB ERI NS AT A2 ThDHA, EADK
B LW ERoEE ChEY, AFY) omARIL
Tuwb, SRIHEMEOBAIERZofich 5.

z £

MFORPNEFER S FEL L ClEs LTERL, E
EEIHENE AR T NG A A RER L. AT AR
HROWTIREE, AR OKER) 028
AT — s R G CRBE U TS B iR — o5k
EAEATHEB Lo s 2 A, MR 2RT 25
A B b, TIEMED O BT 0 B 2 o R RO
BREE TR BER RO B, TS KRR
TIEENEIET A C EAEMERC LIRS TV A
B, BRI L 0D TIREE ORI T A — 2 5h
L, FhbeERMCHET I AN TE . RICHEE
DRIEE LA BA CHBE L IR L& 2 A, Bl
B, BRAARCHEERENRL LD, ZhTEENT
EIEEFFEA R Z LIS LD TH S, S HIin I
T, L, HREEE, RO R LR BRI
LIRS LRI TRHO ST A — 2 EE)
DORFEON XA BRI 5 L2 bh, ZOBERL 0E
B TREEDOY XAflhE L EE s, bR
s B nhiaug, CREEERRomEE L
FAEA D TH D, B THEERBORCHTER
RETDE 0, §iloZ L EOEETRAED
ETEETH D,

M 2T, U RAREIE O S X, HiEE
BOFER o L8 x OFEBREICHIET AT A - 2%
LT 6 TR Lo, TS OBA SN ST
Bk, GEODST A2 B E LR e
L, BHENE L FRG Z 2B OBEEEL LT
EFLT. EREOCRFEIC LT, 5 AOHEEr LS
B DN, S 2O A 2 TR Lin b & A, Hi#
BIERI LB L, ZoESHESEO—FHOES
HEHRE o EE ST 20k, ThbbhZo
A2 T RO AOY R RS D e {EELTET L
BTELbFrsb (T4 | 13d A BRE KT

HREETH D, MR AHTRAEE S L. L T2
DU OIEE S LTE LU ErLHR UL LT
e, ZOFEREER L 0bie ELIRHO ETi, Z
EHHCEEIEE L E2 50 5.
EGPEOFIM & BE T 510, Sy 7 b«
ThwAoavE a—2BEL, HEolgEdsg
POREB) TR E 2 BE U, BENE, 2y b
RETERTEYD, BEECN K Pl befHbila
THHEYER L, TOBTHELBLENTED,
forA vy — 2%FE LT AT, STk
DR FFRELTH L. SBIEEEOH 15T
EHROBScOFHEYER, SV EBEOM B X
FWOWTEE L, HBEINL TP ELL.

E 1

(1) WFEBGERRE (diadochokinesia test) D&
HIRHE oD o0, SEBNO R8BI ROk 9% kA B
Ll BHSEBIO o v v 0 — A ~DA NI SR
DIADOCHO-METER % A\ o,

a) BT AR L, BRI S E QT
BT AT AT X o RS LT,

by T A FTTIEE S UCEOE, Mg, £8
RE, LB, WHEE, HHEO6HO AT -2 b EHK
A

c) MEOIEL LT, e Lo AERE, @
B, ESERED 385 X — 2 ine T, 4B E
KAJE A TR L
(2) BEB OKEH), SHEBEEETO8BEsHNEE L
THRETL, GoERAEL.

ZBHOTHEICONT

a)  FUFROR IR A L L RS R, ERERC kT
BB OBEEDEA 6 ps b e Fo. F F ML, 4o, R
WSS FREAED D0, EERIBE2OBL 20
WL RS L L FE L LR A,

b) BTN O T IE S LR L L RS,
BB CORESHE T2 B854 T, [BEEREA M
TR FEEREE VU <, F @M oLTh Y X A
CELRSS D Z LWL I T

INT A —FHEOBRICONT

a) MR COROHERE S E 3 S ORI
B, FREEERDE VRS, F R A 2
VG KRS AE . 285 A 2okl UCiRAERE
BUaAT - 1ofS R, gt o Br kT 5 &, ©
OB BRI e 5 D E DR E R
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b) HEERCT A RESIT OSSR, WREECE
BE N FROBHRER OB BB OB TIELT L
L AR EN.

(3) TgMEOBEIEELTEL, FOEMMEL oL THR
L.

a) THEMEAERT 6D T A — AR EHE LTER
SOHTERITG, BHEI NS BRG Z 2B 0B A
e LTiEs L.

b) EEOER, Z0ORA 2T ADOEEI L DK
IR L —BL, TEMOBREIREL L ToBEAR
DEEM D R
() PEROGFHERSRL, TICLBELBiEL 3~
TIAREER L~ 200 v o — 2 WEHOSTE
BEABF L, AR, oy pcistanT
WAHLE, RELLCRHUEATRELERL, +0%
THOVHREREEBL Z EHTETH 5.

£ &

BT BT A SR 5P e A BB AL L
U OMIFEO T T - 7o, MR ED LI HIC
O HEREEIHEE], ORGSR, F AR OS]
FARY NGRS o5 RUEE - 5 AR AN e a S B i
SRBT AR IR R BOR, FrBAFESTERE
LW RER N TS B 2R L
BV E % o ti i, & bR o BRI L ET
FERTRREAE BRI A R R, SEEHER L
W teiivie., o B RBoEY R

ARFIED — I ARS8 O A Rl R R (F
FHBtEA) OBEAZI T

2 EB X B
D MERE, wilEE FREHMEEER (dia-
dochokinesia test) @ ic §# o, M AR,
5: 467~468, 1976.
2) MEBEEF, waEXE, LuEE alg—, mE
iIEZE: Diadochokinesia test & & oM, #E

MR, 9: 70~72, 1978.

3) MMERF, MEXE: Diadochokinesia test
DRI, BRI, 21 447~454, 1979.

4) HERE: BEACBT A0 HEESEEOCEY
WESE, BriBEEEaHE, 96: 46~63, 1982,

5) Okada, M. and Okada, M.: A method for
quantification of alternate pronation and
supination of forearms, Comput. Biomed.
Res., 16: 59~78, 1983.

6) EHERF, MEEZ #ARE SLUE#R gl

f—: AIREAEAER O 3 L — 5 ST

B Rl A ol & LT, RFTRS, 39: 413~

418, 1984.

FHEERF, BBEE: vAf7pDartda-—8%

PUERL U 7o il 2 B AT I 8 00 G, BRI,

4: 25~29, 1984.

8) Okada, M., Kanda, T., Okada, M. and

Maruyama, N.:

7

et

A microcomputer - based
device for quantitative analysis of alternate
pronation and supination of forearms, J.
Clin. Eng., 10: 157~169, 1985.

3) Tomek, L.: A clustering technique in the
classification of almost periodic waveforms,
Comput. Biomed. Res., 5: 621~628, 1972.

10) Tomek, I.: Two quantitative measures of
similarity of one class of waveforms,
Comput. Biomed. Res., 6: 499~508, 1973.

11) Anderberg, M.R.: Cluster analysis for ap-
plications, Academic Press, New York, 1973.

12) Rao, C.R.:

principal component

The use and interpretation of
analysis in applied
research, SANKHYA, 26: 329~358, 1964.

13) Kendall, M.: Multivariate analysis, Griffin,

London, 1980.
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