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AT E AR o (P EREE L 1998, 26(2): 75-84 )

RASEEA = F-12 /1 (grip strength) » 3§ & 7 (pinch strength) » A#%31:#] B -F (anthropometric factor) »
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ARWFFeIL R 202 (BN REBE 95 7 0 L4
107 f0)E 52 M1 » HAEEKE 7 5RE) 12 5% » Seni AT f
BhRsE > HEBERROERAEIEEH#HE RN o A
RHRREZHERERS B A B C = A
7%E 8 pR(FHE 34 AL 36 N)BAHAE 9 E 10 5% (H
£34 N4 37 N CHIE 11 & 12 5%(B 427 A »
74 34 ) o

ZCREZMERERTR

AKIFgeEAH Jamar T8 J7 28 (Jamar dynamometer
Asimov Engineering, Los Angeles, California, U.S.A.) 5
B&L #57#€ J75+(B&L pinch gauge, B&L Engineering,
Santa Fe Springs, California, U. S. A.)%> Bz Hl & F1E
N RFHEH ST » e J1BIETE LRI J1(tip strength) »
$8 18 K J7(palmar strength) » =$§7K& J7(chuck strength) »
K361 11 (key strength)!' "o iy 5 & T 55 7 & 60 1
wBIRL - S EEEREE » 1/ Jamar FEHIE D

SRR B&L 7 7 5190 B L 7 A Y T 5 A sk e e L

9200 TR AR TSR VR AR L R R R

TEEBRY] > & Joit sk st il 52 5w &l ~ R ~
Hi& ~ BE ~ TR R E (triceps skinfold) ~ & [
(mid-arm circumference) K& §ij & (mid-forearm
circumference) {5 A2 51+ K F o I & 5T IaHG R A
f o {5 A &2 T B B 7kt (Lange skinfold caliper, Cambridge
Scientific ~ Industries, = Cambridge, = Massachusets,
USA) BETEERKEL=ZFEINPE &
(acromion)#[1 & % 2€ (olecranon process) [ — 42 5z I
& FEEME EE PR TRE IE R 2§ E)
R ECY R R R R M e R IR 52 (styloid
process) HELER I &= FEE - U EETREIFEE ~ B
B &A1 B IEERFREE » BEUFEILA R
RIAREE T I » St =& o

fEE AR AR R » HZFETTFE IR
FERIAHIE - HhEZHERLELBEHEAT =
P > =0 e il 90 B o §iTRE B T o B ST IR AR B SRS AL
(neutral position)!"™ » f B 5K 52 F K EHE » HARrY
TERFEREBFITE NS BH—XKE 15H - &
HFRZERE 73 B =R o HRGBIHIRIERI I ~
FBRE R 7 ~ =$8 kR J1 KAz 77 o MIFE R KR e IE
RIKE » FER BRI R BRI TER KIEE R
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F 7 BRI Iy Al i KR 2 8 1E &k B 18 < Bl Ta

HHAE » TEE—RIKE 10 8 » PR > 525
HI=K o BT EEFERAE - FREEE T FHEH
FIFHAR B ESIE 5 B HE o

= #aty

TEEITHET T ZET > BRIE =R ARSI
BRIE R EES 5§ &R E =R F
EIERR—REBMEE e LB EATBRIUY
@mKRBI F L EFE B 5 #8 ' & 18 8 (body mass
index)®® » DUMLIER S Hrd g2 — o

MEr T EST > HEBRMMSNFHENE -5 -
BHE - SWEERY - K TEHEE - LB RITE
S EORHER 5 S 80 AT (ANOVA) 2 L i = H ] /Y 22
oo W £ H % R R E (Tukey multiple
comparison test) 5 g A~ [Fl#H 51 ~ 7245 T 80AN [ 14 B R
Z 25 IR R 75 B E (Chi-square test) 58 g i 258 el 14
Bl i R IERFHIGEERER | A KB HRMHEBR
#(Pearson correlation coefficient)fE 5% A e =+~ T
FF8 I RIS R HE S - R E AT EE
B 40 1T (stepwise regression analysis)Z 2 37 F1E 17 & U
FEIE A 8L AN EHAIR R VB R o dfiE p BN 0.05
Bitat DA ER o

[ ] " R [ ]

ERTBE=ER 202 HEZES > F 107 (B HE
(53%) > i 96% A FRBIEHF » H=MTFFi
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1B RfEIE R ) AR R A ) ~ ZFek ST ~ fRlE Ak
JI BRI 7)) B DL C #HE K> B #HRZ > A fHE /)N »
Bt EHA B ZE £ (p<0.05) s A FZFE I K
MERKRDAEFKG LU EFEHE#HBREF B X
(p<0.01)(3& 3) o B4t » 1 7 5K E 12 & fd > FIHIFE S
FH 8.91 3@ hNZE 17.87 /A7 » WUREIE AR SJRIA 1.54 AT
BNz 537 A fr » BFENBEIERIEK > MuEs
HIE S XAFRRIK IR KR (3.70~5.37 Afr) » =18
H IR & (3.53~5.15 A7) » FEIER IR :Z(2.57~4.54
INFT) o T AFE SR A T iR /N(1.54~2.98 /A fT) (3£ 3) ©
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e EBEER R (p<0.05)(3% 5)» fEFEN A H » BE
W E RN 2-3 A ABER ST 0 ZHeE 7 KMl
W H 0 BEBLENKO0.5-1 AT MIERK I HH
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H(p<0.01)> K 7EBa & ENER EXDL CHFHHE
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A > W B 7 A NIRE o L3S HER
T B I B i B R O o

DLF 85 5 F » 75 PURESE 7 J7 8 b LUE )
KHEA ~ SRR > TR S5/ » BB
SRR E TR A M o 48 7 BRE 12 5k 0 48
RHATEGE 1.54 BINFE] 2.98 A 0 TiTEREsE H R
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REZEIRIEHRT  TT
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BREIIEHN » 6 5 12 B L EFE I ERBLRK »
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AP Ze LR ME R AT R R B B > M E R R
BB T RS G 5 B T RS T T 1 R M AESE Sk 1 2 K
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1. AR ETZMANRZERF LT R F# R 2 0% (L)

g
AR (7-8 %) B (9-10 %) C#fl (11-12 %) S p fE
28 (70 N) (71 N) (61 A\) (AN
R 0. 871
54 34 (49%) 34 (48%) 27 (44%) 95 (47%)
o 36 (51%) 37 (52%) 34 (56%) 107 (53%)
BEHF 0.581
EF 3 (4%) 2(3%) 4 (7%) 9 (4%)
5HF 67 (96%) 69 (97%) 57 (93%) 193 (96%)
k2. ARGTRAIRATATREFHREZEZH(TFHBELAREE)
FEinE
2% A FH(7-8 %) B #H(9-10 %) C #H11-12 %) p &
(70 N) (71 N) (61 AN)
FE(A5) 124.23+0.81 135.16+0.80 145424086  AB", AC’,BC
BET) 25.09+0.78 31.2840.78 38.824+0.84  AB', AC’,BC’
B TS B EE (k) 11.2540.56 13.5140.55 15.624+0.60  AB', AC", BC’
EEE(AS) 17.8740.29 18.8840.29 20294031  AC',BC’
R (A 5) 15.5440.21 16.5 +0.21 17.4840.23  AC’,BC’
HEEBIRBATKD 16.164+0.27 16.94+0.27 18244029  AB',BC

*: p<0.01;": p<0.05; AB: A #{1¥ B #H[HI/G 998225 AC: A #HER C #HRIH HIREA 2 5, BC: B #HEE C AHRI A HARERI 2 52

k3. AEFIBABIBRNATEFERRZ>W(FABELRRZ)REOMZ £ Z(D 1E)

F e

2% A 5H(7-8 %) B #H(9-10 %) C #H1-12 %) EAEFER BHEZER

(70 A) (71 N) (61 )
FEIAT) AB AC BC
EF 8.91+0.38 12.2340.38 16.31+0.41 p<0.01 * * *
HF 9.6610.44 13.61+0.44 17.87+0.47
BRI FI(A )
EF 1.5440.07 1.0340.07 2.66+0.07 p<0.01 * * *
HEF 1.78 +0.07 2.3440.07 2.9840.08
fRERII(AT)
EF 2.5740.09 3.2640.09 3.8740.10 p<0.01 * * *
HF 2.9340.10 3.8240.10 4.5440.11
=R (AT
EF 3.5340.12 4.2440.12 4.59+0.13 p<0.01 * * 4
HF 3.7440.13 4.7040.13 5.15+0.14
FRAE F1 ()
EF 3.704+0.11 43440.11 4.90+0.12 p<0.01 * * *
HF 3.9340.11 4.7740.11 5.3740.12

*: p<0.01; +: p<0.05; AB: A Bl B fH75; AC: A B C fHAYZE5; BC: B 82 C fHY 2= &,

Ea ]

EhATFES: EEANEERMEON, SHEMESR: Tukey R tIRE



k4 ARGHRIRT ~ B B4R AT R I Z 5%

REZEIRIERT T

14 51 B & & p &
28 95 N) (107 A)
() 9.6+1.6 9.84+1.7 0. 470
BE(AD) 134.5+10.1 1345+11.6 0.988
BEE(AT) 31.8+8.3 31.1+8.8 0.521
BT BRI B B (Z2K) 13.54+5.2 13.3+4.8 0.798
FEBERSD) 19242.7 18.7+2.4 0.156
i B (A5 16.74+1.9 16.2+1.9 0.075
SR E IR HA T D 173+2.4 16.8+2.4 0. 154

RS BHRBEAALTEFERR T LB Z o W(CFABELREE) LS mMZ 2ZE (pfa)
F i g
A #H(7-8 %) B#f(9-105%)  CAH(11-125%)  BLHER HHEER
28 (5434 A) (3B 4:34 AN) (B4:27 N)
(ZH:36 N) (Ze4:37 N) (ZH:34 N)

FEIAT) AB AC BC
B4 10.1240.55 13.7940.55 18.4640.62 p<0.01 * * *
g 8.5040.54 12.1340.53 16.0040.55

BRI (A )
B4 1.73+0.10 2.1940.10 3.1340.11 p<0.01 * * +
o 1.60+0.09 2.1840.09 2.5940.10

fREER (A FT)

54 2.9440.13 3.6440.13 4.82+0.14 p<0.01 * *
ik 2.5840.12 3.4840.12 3.7440.13

=R I(AF)

B4 3.904+0.16 4.58+0.16 5.3940.18 p<0.01 * *
7 3.4040.16 4.3940.16 4.48+0.16

R F1 (A )

B4 4.09+0.14 4.7440.14 5.8540.15 p<0.01 * *
Tt 3.5740.13 4.3940.13 4.59+0.14

*: p<0.01; +: p<0.05; AB: A B B 7 5; AC: A B C fHAYZ R, BC: B B C fHAY =5,

BLHZE: EENEERESN, SHMEZER: Tukey %R tRE

K 6. FiB ARG R A AL AR F R A P Z A8 B 15 &

2 TR BRHE ) fRRE R 1y =X FEMIE Ty

FEER) 0.708 0.668 0.643 0.509 0.561

B (A7) 0.801 0.695 0.729 0.624 0.673

BEAT) 0.784 0.653 0.730 0.633 0.678

B EIRE (DK 0.552 0.435 0.545 0.480 0.505

KT IERE (ZXK) 0.402 0.332 0.384 0.336 0.332

EEE(AS) 0.581 0.412 0.520 0.460 0.515

A BE(A5) 0.618 0.537 0.627 0.575 0.598

BRI II(AFT) 0.747 0.814 0.691 0.765

fRRER (A ) 0.824

=FERII(AT) 0.768 0.797

=R T) 0.832 0.879 0.849
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& 7. REEFEMFIEH BRI R A 2 Fe ARL 0 B T = 48 B M AR

A s i 2 5

Adjusted 1
(»<0.001)

FAB 17=-17.847+1.434(1E BN+0.55 L (4 5)+0.244(F4 E)+0.10( B 5)-0.165( 2 FRE G B )
+0.263(FiTE &)

84378 17=-3.512+0.140( 14 B)+0.138(4E5)+0.02( B 15)-0.023 (52 T BSR4 /5 FE)+0.115(Ri & &)
TR IE 7 J7=-1.837+0.383 (14 51)+0. 160( £ i) +0.06 (%8 B5)-0.05 (K2 T Fig /5 5 FE)+0. 123 (7if B )
=HE 7K 17=-3.461+0.373 (1% B1)+0.034(A% & )+0.03( & 5)-0.038( £z T HSRAE B EE)+0.157(RiT 5 &)
FERIHE 7=-3.041+0.535( 1% B1)+0.04 1 (F4 58 )+0.029( & 5)-0.05( 5z T Bg I /5 F)+0. 134 (R & &)

0.716

0.576
0.646
0.479
0.601

MR k=1, HiE=2

35
—®— This study male
30 | : This study female
—A— Ager et al male
—~
N 925 —A—— Ager et al female
}—’r - - M- - - Fullwood male
~ 20 - -B- - - Fullwood female
_%_
# 15
71 i
10
5
0
7 8 9 10 11 12
F# (R

L. T2 R2RFLLEFHFEARLECHRZILE



SEZERIERT 81

12

—@— this study male

—O— this study female
10 —&—— Ager et al male

N —2&— Ager et al female
A
ﬁ, 8 RIS . ..... FullWOOd male
~ - -[- - - Fullwood female
15
fal -
"6
7
4l
2 [
0 | | |
7 8 9 10 11 12
Fa#(C R )

2. TE2RRFLRLETFHBRAR A AL EHT LK

> ATRERZ A AR IR B Z P iE /1 & » T Bt & & B FH 75
AR » BRERR ] T I P A HE LA i o AR »
M EFE I RIBR IR o Wit » FENDEE S
AR RE R 1 A K > U A 7 B S B RO AHRBA MR AT 0 1T
e E BB ERRIEEZE - Wt > §EEiEE
I B RS B R B R AR TR FERE 1 KA R TR K
N IS BRI T RS SRR

NEB I ZB L GREFE RN BTHE
B—BUER e > WKL BEENERE > KA
fEHIA HE (L S #3 & ] o 7F Mathiowetz & Rennells ')
FARBHUEFE N RIBR N HERER > FHE
90 EREISZEIE  LLFEMRFETE2MHERE
58> Pt DA 26 (A1 B2 3 3R IR LATE R JE il 90 2R IR ) 1

Richards & ABfF5E % BT E (& A RE & EFEE
710 R A BIERE > DARTE M 2 8 R 1E
BWEEELEeY ) MERFEEEMG &
(American Society of Hand Therapist)H 7 32 (i {2 #&
LRI LB E » NEZABRLEBRAE K » F
T 90 B o AT FNRESE 2 B AR Y o

AW SR R D2 3 B IR 1E A T2k & 5 R T IR A
B~ EERNTER - FERERZFEEIEH TR
EEA/NGIHEMZ I E ESEENTE > MAK
REg M T LAIETE H F R0 & EARETHE 7
Moo ATRHE NEBEE LAVE RN E AL FHESR
s T E S 18 A T i ) i i B SR A
R o
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AT FERS R AT R EIR & 8 2 TR 1 R AE R
ZIEHE > AT LABURS G P B8 AT S5 Y % AT A B i B B
FHEAR G R B T RT R T BE MR 2 g o (HAHHSE
FURSTE 7-12 BR AT BI/N F B AU BT » 7 E AR AE
BIE 6 RUTRmMATAER 2 RUALZFEIE L
BN e A E BN THIE T RIG R T2 HR

] 22 SRk ]

1. Dodrill CB. The
neuropsy-chological measure. J Consult Clin Psychol
1978;46: 1432-5.

2. Chow SP, Ng C. Hand function after digital
amputation. J Hand Surg 1993;18:125-8.

3. House JH. Reconstruction of the thumb in tetraplegia

hand dynamometer as a

following spinal cord injury. Clin Orthop 1985;
195:117-28.

4. Walker PS, Davidson W, Erkman MJ. An apparatus to
assess function of the hand. J Hand Surg [Aml].
1978;3:189-93.

5. Young VL, Pin P, Kraemer BA, et al. Fluctuation in
grip and pinch strength among normal subjects. J
Hand Surg [Am] 1989;14:125-9.

6. Burke WE. The relationship of grip strength and
grip-strength endurance to age. J Appl Physiol
1985;5:628-30.

7. Niebuhr BR, Marion R. Detecting sincerity of effort
when measuring grip strength. Am J Phys Med
Rehabil 1987;66:16-24.

8. Niebuhr BR, Marion R. Voluntary control of
submaximal grip strength. Am J Phys Med Rehabil
1990;69:96-101.

9. Hildreth DH, Breidenbach WC, Lister GD, et al.
Detection of submaximal effort by use of the rapid
exchange grip. J Hand Surg 1989;141:742-5.

10. Gilbert JG, Knowlton RG. Simple method to
determine sincerity of effort during a maximal
isometric test of grip strength. Am J Phys Med
Rehabil 1983;62:135-44.

11. Chengalur SN, Smith GA, Nelson RC, et al. Assessing
sincerity of effort in maximal grip strength tests. Am J
Phys Med Rehabil 1990;69:148-53.

12. Ager CL, Olivett BL, Johnson CL. Grasp and pinch
strength in children 5 to 12 years old. Am J Occup
Ther 1984;38:107-13.

13. Mathiowetz V, Wiemer DM, Federman SM. Grip and
pinch strength: norms for 6 to 19 years old. Am J
Occup Ther 1986;40:705-11.

4. Fullwood D. Australian norms for hand finger strength
of boys and girls, aged 5-12 years. Australian Occup
Ther J 1986;33:26-36.

15, Bowman OJ, Katz B. Hand strength and prone
extension in right-dominant 6-9 year olds. Am J
Occup Ther 1984;38:367-76.

16. Chong CK, Tseng CH, Wong MK, et al. Grip and
pinch strengh in Chinese adults and their relationship
with anthropometric factors. J Formos Med Assoc
1994;93: 616-21.

17. Kellor M, Frost J, Silberberg N, et al. Hand strength
and dexterity: norms for clinical use. Am J Occup
Ther 1971;25:77-80.

18. Mathiowetz V, Weber K, Volland G, et al. Reliability
and validity of grip and pinch strength evaluations. J
Hand Surg 1984;9:222-6.

19. Helliwell P, Howe A, Wright V. Functional
assessment of the hand: reproducibility, acceptability,
and utility of a new system for measuring strength.
Ann Rheum Dis 1987;46:203-8.

20. Schmidt RT, Toews JV. Grip strength as measured by
the Jamar dynamometer. Arch Phys Med Rehabil
1970;51:321-7.

21 Mathiowetz V, Rennells C, Donahoe L. Effect of
elbow position on grip and key pinch strength. J Hand
Surg 1985;10:694-7.

22.Balogun JA, Akomolafe CT, Amusa LO. Grip strength:
effects of testing posture and elbow position. Arch
Phys Med Rehabil 1991;72:280-3.

23 Mathiowetz V, Kashman N, Volland G, et al. Grip and
pinch strength: normative data for adults. Arch Phys
Med Rehabil 1985;66:69-74.

24. Sinaki M. Relationship of muscle strength of back and
upper extremity with level of physical activity in
healthy women. Am J Phys Med Rehabil
1989;68:134-8.

25. Kallman DA, Plato CC, Tobin JD. The role of muscle
loss in the age-related decline of grip strength:
crosssectional and longitudinal perspectives. J
Gerontol 1990;45:82-8.

26. Reed LR, Pearlmutter L, Yochum K. The relationship

between muscle mass and muscle strength in the



REZEIRIERT 83

elderly. J Am Geriatr Soc 1991;39:555-61. weakness in old age due to muscle wasting? Age
27. McMahon TA. Muscle, reflexes, and locomotion. 1980;9:188-92.

Princeton University Press 1984;234-93. 31. Durnin JV, Womersley J. Body fat assessed from total
28 EFNsTE s 525 0 BAR., ARTLTREE WK &1t » body density and its estimation from skinfold

HAE S LEE > R 80 4F ; p.322-30 © thickness: measurements on 481 men and women aged
29. Costill DL, Daniels J, Evans W, et al. Skeletal muscle from 16 to 72 years. Br J Nutr 1974;32:77-97.

enzymes and fiber composition in male and female 3. Richards LG, Olson B, Palmiter-Thomas P. How

track athletes. J Appl Physiol 1976;40:149-54. forearm position affects grip strength. Am J Occup

30. MacLennan WJ, Hall MRP, Timothy JI, et al. Is Ther 1996;50:133-8.



84 rhIEIEMREEEE 1998 26(2): 75-84

The Grip and Pinch Strength in Taiwanese
Children of Primary School

Chia-Ling Chen, Wei-Hsien Hong, Shih-Chun Chu, Chin-Man Wang,
May-Kuen Wong, Fuk-Tan Tang, Hsieh-Ching Chen*

Department of Physical Medicine and Rehabilitation, Chang Gung Memorial and Children Hospital
Department of Industrial Engineering and Management, Chaoyang University of Technology*

This study analyzed the grip and pinch strength of children aged 7 to 12 years old in order to
establish the relationship between hand strength and anthropometric factors. Two hundred and two
children in primary school were divided into three groups based on age, with group A aged 7 to 8
years, group B aged 9 to 10 years, and group C aged 11 to 12 years old. A Jamar dynamometer was
used to measure subjects’ grip strength, and a B&L pinch gauge was used to measure their tip,
palmar, chuck, and key pinch strength.

Significant differences were found between left and right hand gripping and all pinch forces
among all age groups. The strength was greatest in group C, lower in group B, and lowest in group A.
The strength of the key pinch was the largest and the strength of the tip pinch was the smallest. The
boys generated significantly larger forces than the girls in all strength tests among individual age
groups. The gender differences in tested strengths were most remarkable in group C.

Stepwise linear regression was used to analyze the relationship between hand strength and
anthropometric factors. The linear regression equations with correlation coefficient up to 0.7-0.8 (all
p<0.001) were adopted for grip and all pinch strength. The results showed that the grip and all pinch
strengths were positively correlated with forearm circumference and negatively correlated with
thickness of the triceps skinfold. Forearm circumference proved to be a better predictor of hand
strength than mid-arm circumference and skinfold thickness. Grip, tip and palmar strengths were
positively correlated with age. Grip, chuck, and key strengths were positively correlated with body
height and weight. Palmar strength was positively correlated with body weight. Tip strength was
positively correlated with body height. The norms of grip and all pinch strengths in this study may
serve to provide a reference for clinicians and therapist involved with hand rehabilitation in children. (J
Rehab Med Assoc ROC 1998; 26(2): 75—84)

Key words: grip strength, pinch strength, anthropometric factors, children
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